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1 Milk Production 


Giuseppe Pulina and Anna Nudda 

Dipartimento di Scienze Zootecniche , Universita di Sassan, Italy 


1.1 Sheep Milk 

Ovine milk is a complex of substances that 
occur in solution, in suspension or as an 
emulsion in water: fat and fat-soluble vita- 
mins as an emulsion; protein and mineral 
salts bound to casein micelles in suspension; 
and carbohydrates (lactose), minerals, non- 
protein nitrogen compounds and hydrosolu- 
ble vitamins in solution. 

The average composition of milk from 
ewes, compared to milk of the other three 
main ruminant species and with human 
milk, is presented in Table 1.1. 


Ovine milk, compared to bovine and 
caprine milk, is characterized by: (i) higher 
protein and fat content, which makes ovine 
milk more suitable for cheese-making 
because protein is mainly responsible for 
cheese yield (Casu and Marcialis, 1966; 
Ricordeau and Mocquot, 1967), and fat 
influences both cheese yield (Campus, 
1991) and the organoleptic characteristics 
of dairy products; (ii) higher opalescence, 
mainly due to the reflection of light on 
opaque particles in suspension (casein 
micelles, calcium, phosphate and citrate); 
(iii) greater whiteness, due to the lack of 


Table 1.1. Average chemical and physical composition of ovine milk, compared with milk composition of the other 
three main ruminant species and with human milk. 



Sheep 

Goat 

Cow 

Buffalo 

Woman 

Water (%) 

82.5 

87.0 

87.5 

80.7 

87.5 

Total solids (%) 

17.5 

13.0 

12.5 

19.2 

12.5 

Fat (%) 

6.5 

3.5 

3.5 

8.8 

4.4 

0 fat globule (pm) 

4.0 

3.9 

4.4 

— 

— 

TN* (%) 

5.5 

3.5 

3.2 

4.4 

1.1 

Casein (%) 

4.5 

2.8 

2.6 

3.8 

0.4 

Serum protein (%) 

1.0 

0.7 

0.6 

1.1 

0.7 

Lactose (%) 

4.8 

4.8 

4.7 

4.4 

6.9 

Minerals (%) 

0.92 

0.80 

0.72 

0.8 

0.30 

Ca (mg/I) 

193 

134 

119 

190 

32 

Energy (kcal/l) 

1050 

650 

700 

1100 

690 

Density 

1.037 

1.032 

1.032 

1.030 

1.015 

Acidity (°SH) 

8.5 

8.0 

7.1 

10.0 

— 

pH 

6.65 

6.60 

6.50 

6.67 

6.85 

Freezing point (°C) 

-0.580 

-0.570 

-0.524 

-0.580 

— 


*TN: total nitrogen (/Vx 6.38). 
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carotene in the fat; (iv) higher resistance to 
microorganism proliferation in the first 
hours after milking, due to its specific 
immunological properties; and (v) higher 
content of minerals, mainly calcium, which 
increases its buffer power (Luquet, 1985). 

While the lactose content is fairly con- 
stant between breeds, milk fat and protein 
content (expressed as total nitrogen; TN = 
N x 6.38) vary greatly (Table 1.2). 
Variations are linked to genetic factors as 
well as to the environmental (and sometimes 
experimental) conditions in which the data 
are measured. 


Table 1.2. Fat and protein content of ovine milk in cer- 
tain dairy breeds (Nudda, 1996: Bencini and Pulina, 
1997). 


Breed 

Fat (%) 

TN* (%) 

Aragat 

5.70 

5.49 

Awassi 

6.70 

6.05 

Chios 

6.60 

6.00 

Comisana 

7.5-10.6 

5.9-10.4 

Delle Langhe 

6.75 

5.95 

Frisona dell’est 

6.64 

6.21 

Karagouniki 

8.70 

6.60 

Lacaune 

7.14 

5.81 

Leccese 

7.93-8.38 

5.81-6.30 

Manchega 

9.07 

5.43 

Massese 

6.79-7.44 

5.48-5.96 

Merino 

8.48 

4.85 

Sarda 

6.69 

5.82 

Tsigai 

7.41 

5.45 


*TN = total nitrogen (Nx 6.38). 


The milk fat and protein content are 
1.5- and 1.2-fold higher, respectively, than 
the lactose concentration, while the average 
protein to fat ratio is 0.81, similar to that 
reported for cows. 

In order to reduce the differences in 
milk, protein and fat yields between animals, 
a method for standardizing milk production 
is necessary. Fat-corrected milk (FCM) or 
fat-protein-corrected milk (FPCM) are two 
methods of standardizing milk production 
for comparisons between sheep. Some of 
the different methods of standardizing pro- 
posed use 6.5% fat and 5.8% protein as a 


basis for conversion (Pulina et al., 1989), 
but other reasonable fat and protein tests 
are equally useful: 

FCM< 6 - 5 > = M (0.37 + 0.097F) 
(kcal/kg = 1020) 

FPCM< 6 - 5; 5 - 8 > = M (0.25 + 0.085F + 
0.035P) (kcal/kg = 1047) 

where: M = milk yield (kg); F and P = fat and 
protein concentration (%). 

1.2 Milk Production 

In nature, milk has the irreplaceable function 
of being the only nourishment source for the 
newborn until the digestive tract is able to 
digest solid food. The selection process car- 
ried out on dairy sheep by humans over 
thousands of years has resulted in a milk 
yield markedly higher than that required to 
feed the newborn lambs and, above all, an 
increase in lactation period. 

1.2.1 The anatomical basis of milk 
production and lactogenesis 

Lactation is a physiological process charac- 
terized by the synthesis, secretion, ejection 
and removal of milk. This physiological 
function is made possible by captation, or 
passive and active filtration, of organic and 
inorganic compounds and water from the 
blood fluid by the secretory epithelium of the 
mammary gland. The secretory cells, which 
are roughly cuboid in shape and markedly 
polarized in structure, are arranged to form 
spherical structures (alveoli), with a hollow 
lumen into which milk is secreted (Fig. 1.1). 

The cells of the mammary secretory 
epithelium are joined together by numerous 
protein junction complexes (Fig. 1.2). These 
are composed, from basal to apical order, 
of: (i) desmosomes (D), whose function is to 
ensure firm adhesion between adjacent cells; 
(ii) gap junctions (GJ), which are communi- 
cating junctions that form pores between 
adjacent cells and permit the exchange of 
molecules with low molecular mass; and (iii) 
tight junctions (TJ), which encircle the cell 
and fuse adjacent cell membranes, closing 
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Fig. 1.1. Mammary alveolus (Naitana eta/., 
1992 ). 


off the intracellular space. The principal 
function of TJ is to form a barrier between 
extracellular fluid (ECF), in equilibrium with 
blood plasma, and the milk contained in the 
alveoli (Ruckebusch et al., 1991). 

The shape and polarization of the 
secretory cells implies the existence of an 
extensive system of structural support pro- 
vided by the cytoskeleton. This is an intri- 
cate network of microfilaments which is 
firmly attached to the inner surface of the 


plasma membrane and envelopes, and is 
continuous with the various cytoblood 
organelles (Mepham, 1987). 

The cytoskeleton influences many 
of the dynamic properties of secretory 
cells, such as the intracellular movement 
of molecules toward its apical part. For 
this reason the cytoskeleton is probably 
involved in the milk secretion mechanism. 
Indeed milk precursors (acetate, fFhydroxy- 
butyrate, free fatty acids, glucose, amino 
acids, and minerals) are adsorbed on the 
basal membrane of the cells, while the 
neosynthesized compounds are secreted 
across the apical membrane into the alveo- 
lar lumen. 

The mammary epithelium has differ- 
ent permeable characteristics during 
the different physiological states (Fig. 1.2). 
During pregnancy, or in the case of diseases 
such as mastitis or in other conditions 
(for example, when the intra-alveolar pres- 
sure is high due to excessive milk accumula- 
tion), the junctions become leaky, 
permitting the passage of substances 
between cells from ECF to mammary secre- 
tion and from milk to ECF (the paracellular 
route). During lactation or in conditions in 
which the integrity of TJ is maintained, the 
substances pass through the cells (the trans- 
cellular route). 


Full lactation 


End of lactation 
Excessive milk accumulation 
Mastitis 



Fig. 1.2. Schematic representation of the mammary epithelium in different physiological states. 
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1 .2.2 Mammary growth and differentiation 

The growth and differentiation of the mam- 
mary gland is controlled by hormones. 
Three phases are distinguishable within the 
mammogenic cycle. These are: (i) the major 
growth phase during pregnancy, character- 
ized by the formation of the lobulo-alveolar 
structure; (ii) the synthesis and secretory 
phases during lactation; and (iii) the phase of 
involution, characterized by the regression 
of the lobulo-alvelolar structure. The glands, 
which first appear in the embryo, have a 
growth rate prior to puberty similar to that 
of the rest of the body (isometric growth). 
After the onset of the ovarian cycle their 
growth rate is faster than that of the rest of 
body (allometric growth) (Anderson, 1975; 
Johnsson and Hart, 1985). Prior to puberty 
(0-5 months), the mammary gland is char- 
acterized by a modest extension of the duct 
system. With the beginning of puberty (at 5 
months), the release of oestrogen, at first 
alone and then in combination with proges- 
terone when the ovaries mature in their 
function, causes the glands to undergo dra- 
matic changes characterized by develop- 
ment of the ducts and lobulo-alveolar 
system. The growth rate of lobulo-alveolar 
tissue and the duration of the allometric 
phase are considerably influenced by the 
nutrition level of the diet (Rattray et al., 
1974; Johnsson and Hart, 1985). High 
energy intake in ewe lambs prior to puberty 
causes the mammary fat pad to grow exces- 
sively and thus to limit the development of 
ductules (Tolman and McKusick, 2001). 
Any process that limits the development of 


these ductules will reduce the capacity of the 
mature gland to produce and transport milk. 

However, major mammary gland 
growth occurs during pregnancy, when 
gland volume increases markedly, and the 
lobules grow into the stroma, displacing adi- 
pose tissue. In pregnancy, in addition to the 
action of progesterone secreted from the 
corpus luteum, there is also the addition of 
gonadotrophins and placental lactogen (PL). 
Higher secretion of PL, due to high placen- 
tal weight, stimulates greater development 
of the lobulo-alveolar structure and conse- 
quently greater milk production. For this 
reason, ewes rearing two lambs produce 
10-15% more milk than those rearing sin- 
gles (Rossi et al., 1996). Growth hormone 
(GH) and prolactin (PRL) (Binart et al., 
1999), which are secreted by the pituitary 
gland, play a relevant role in mammary 
gland differentiation. Chronologically the 
development of the lobulo-alveolar structure 
begins around the third month of preg- 
nancy, continues slowly until the fourth 
month and speeds up around the fifth 
month, so that growth is essentially com- 
plete in dairy ewes at the time of parturition 
(Anderson, 1975; Sulochana et al., 1991). 


1.2.3 Synthesis of milk 

Milk components are principally synthesized 
by the secretory cells of the mammary gland 
from precursors absorbed from the circula- 
tion. These precursors derive directly or 
indirectly from nutrients in the diet (Fig. 
1.3). The mammary ephithelium also acts as 



Fig. 1.3. A generalized scheme of milk synthesis and secretion (Mepham, 1987, modified). 

1) Passage of precursor molecules from blood to extracellular fluid (ECF); 2) Absorption of precursor mole- 
cules from ECF into the secretory cells; 3) Intracellular synthesis of milk components and translocation of 
these substances through the cell to the apical membrane; 4) Secretion of substances across the apical mem- 
brane into the alveolar lumen. 


Milk Production 


5 


a selective barrier, permitting the transfer of 
selected substances from the blood to the 
alveolar lumina without changes in their 
chemical composition. 

Milk is iso-osmotic with blood plasma, 
but the two are not in chemical equilibrium: 
milk has more sugar (90-fold), calcium (Ca) 
(13-fold), phosphorus (P) (tenfold), fat (nine- 
fold), and potassium (K) (fivefold), but lower 
protein (0.5-fold) and sodium (Na) (0.15- 
fold), than blood. Osmotic pressure is chiefly 
determined by lactose and diffusible ions 
and there is generally an inverse relationship 
between lactose concentration and the sum 
of K and Na concentrations. 

Milk fat is composed primarily of 
triglycerides, which are formed by the link- 
ing of glycerol and fatty acids synthesized on 
the outer surface of the smooth endoplas- 
mic reticulum. Short-chain fatty acids 
(C6-C10) are built de novo within the 
mammary epithelial cells from acetic acid 
and (3-hydroxybutyrate (BHBA) derived from 
ruminal fermentation (Peaker, 1977). Milk 
fatty acids of chain length C18 and above 
derive from blood lipids, which originate 
from fat intake in the diet and from mobi- 
lization of body fat. Medium-chain fatty 
acids (C 12-06) either derive from the 
lipids in the diet or are synthesized de novo 
in the mammary gland (Sauvant and 
Morand-Fehr, 1978; Mepham, 1987). The 
mammary gland, and the intestine to a 
lesser extent, have a desaturase enzyme 
complex with a high affinity for stearic acid. 
This is converted to oleic acid. Ovine milk is 
rich in short- and medium-chain fatty acids, 
such as caprilic (C8:0) and capric acids 
(00:0), but also in conjugated linoleic acid 
(CLA), which has recently been attributed 
therapeutic properties (Banni and Martin, 
1998). 

The milk proteins (with the exception of 
serum albumin and immunoglobulins) are 
synthesized in the rough endoplasmic retic- 
ulum of the secretory cells from amino acids 
(A A) extracted from the blood. The AA 
derive from the post-ruminal digestion of 
microbial protein and non-degradable rumi- 
nal protein, from hepatic transamination 
reactions and, only when the protein con- 
centration of the ration is scarce, from 


mobilization of tissue protein. Serum albu- 
min (SA) and immunoglobulins (Ig) are not 
synthesized in the mammary gland, but pass 
directly from the blood into the milk. Their 
levels are very high in colostrum, the first 
milk secreted immediately after birth, and 
increase further during mammary gland 
inflammation and during involution. Non- 
protein nitrogen (NPN) derives from protein 
catabolism in the mammary gland and from 
the transport of analogous compounds from 
the blood. Urea, which is the highest NPN 
compound in milk (2-3% of total nitrogen), 
comes directly from the blood through diffu- 
sion, so there is a high correlation between 
its concentration in blood and milk (Cannas 
et al . , 1998). Poor-quality protein, exces- 
sive nitrogen and energy deficiency (which 
enforces mobilization of body protein stores) 
in the diet can increase blood urea concen- 
trations through excessive deamination of 
AA and result in increased urea concentra- 
tion in the milk. 

Lactose is synthesized - by the lactose 
synthetase enzyme activity in the Golgi 
apparatus of the epithelial cells - from glu- 
cose extracted from the blood. Lactose is a 
non-permeable disaccharide whose mole- 
cule is too large to diffuse out of the Golgi 
or out of secretory vesicles, so it draws 
water by osmosis into the Golgi from the 
cytoplasm. The lactose concentration in the 
milk is relatively constant (on average about 
4.8%) and the volume of milk is directly con- 
ditioned by its rate of synthesis (Peaker, 
1977). 

Minerals and vitamins come exclusively 
from the blood, and only their concentra- 
tions change in the mammary gland. The 
concentrations of many minerals in milk 
depend on their intracellular levels. For 
example Na, K and Cl diffuse very easily, 
while Ca, Mg, P and citrate diffuse only 
partly. It is difficult to change blood Ca lev- 
els, because they are very tightly regulated. 
So, because milk Ca comes from the blood, 
it is difficult to change milk Ca by increasing 
concentration of Ca in the diet. Chemical 
elements whose concentration in the milk 
can be increased by increasing the amount 
in the diet include I, B, Br, Co, Mn, Mo, Se 
and Zn. 
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□ Blood DMilk 


Fig. 1.4. Concentration of selected minerals and lactose (ppm) in blood and milk. 


However, milk synthesis depends not 
only on the supply of nutrients to the mam- 
mary gland but also on the regulation of 
their use through physiological and 
endocrine controls. Insulin in particular, in 
interaction with other hormones such as GH 
and IGF-I, plays an important role in the 
control of nutrient use for milk synthesis. 


1.2.4 Milk secretion 

Milk secretion is the transport mechanism of 
neosynthesized compounds and substances 
extracted from the blood or interstitial fluid 
into the alveolar lumen. 

Most of the components of the aqueous 
phase of milk are secreted by exocytosis. 
Proteins and lactose are packaged into 
secretory vesicles that move to the plasma 
membrane of the alveolar cells, where they 
fuse and release their contents into the alve- 
olar lumen by exocytosis. Because the Golgi 
vesicles synthesize lactose from precursor 
galactose and glucose that enter from cyto- 
plasm, and because the Golgi membrane is 
impermeable to lactose, the sugar is osmot- 
ically active and water is also drawn into the 
terminal Golgi vesicles. Secretory vesicles 
are thought to be the source of most of the 


constituents of the aqueous phase of milk, 
including citrate, nucleotides, Ca and phos- 
phates. 

The mechanism for fat secretion is 
unique to the mammary gland, because lipid 
droplets become enveloped in the apical 
membrane and are secreted into the alveo- 
lar lumen surrounded by a layer of plasma 
membrane composed of phospholipids (Fig. 
1 . 2 ). 

Mineral concentration is markedly dif- 
ferent between milk and blood (Fig. 1.4). In 
milk, K, Ca and P concentrations are 
higher, and Na and Cl concentrations are 
lower, than in blood because of active regu- 
lation mechanisms called ‘pumps’ (Fig. 
1.5a). 

Three pumps in particular have been 
found: (i) the Na-K pump, which regulates 
the K osmolarity between cytoplasm and 
milk; (ii) the Ca pump, localized in the 
plasma membrane, which permits Ca to be 
transported from the basal membrane to the 
cytosol; and (iii) a second Ca pump, local- 
ized in the Golgi, which exchanges Ca to 
build casein micelles (Bingham et al., 1993). 

In some physiological conditions - such 
as during pregnancy, mastitis, during epithe- 
lial involution or excessive alveolar disten- 
sion due to extended milking interval - the 
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Fig. 1.5. The osmotic balance of the secretory epithelium (Peaker, 1997). (a) Schematic representation of 
movements of ions, lactose and water between extracellular fluid, intracellular fluid and milk. The directions 
of the differences in electric potential are indicated by (+) and (-) signs; (b) schematic representation of the 
paracellular movement of the ions through tight junctions (TJ) between the mammary cells in cases of inflam- 
mation of the secretory epithelium or in the final phase of lactation. 


TJ become leaky and the paracellular path- 
way becomes active, thus allowing the pas- 
sage of substances between epithelial cells, 
rather than through them (Fig. 1.5b). In 
such cases, lactose, K, P and citrate move 
from the lumen into the ECF, and com- 
pounds of the interstitial space pass unim- 
peded into the milk. As a result, Na and Cl 
concentrations increase in the milk while 
those of K and lactose decrease. 

Because the secretory tissue becomes 
permeable, the concentration of serum 
albumin (SA) increases, and serum enzy- 
matic activity (oc-l-antitrypsin, N-acetyl-(3-D- 
glucosaminidase, glutamic oxalacetic 
transaminase and y-glutamil transferase) in 
milk also increases (Peaker, 1977; Ranucci 
ef al., 1985; Tesei et a/., 1988). The leak- 
iness of the TJ affects the cytoskeletal activ- 
ity, which reduces its dynamic properties in 
the transfer of neosynthesized compounds 


towards the apical mebrane of the secretory 
cells. The lack of secretion of milk compo- 
nents inhibits further synthesis and predis- 
poses the epithelial cells to involution. The 
involution process involves many factors, in 
which the plasminogen/plasmin system 
plays a central role (Turner and Huynh, 
1991). Plasmin is the predominant protease 
in milk and is derived from blood; it occurs 
in milk together with its precursor, plas- 
minogen (PG), which is mainly associated 
with casein micelles. These form the sub- 
strate for its proteolytic activity. The conver- 
sion of plasminogen to plasmin is modulated 
by plasminogen activators (PA), and, indi- 
rectly, by plasminogen activator inhibitors 
(PAI). The plasma insulin-like growth factor 
(IGF-I), which acts as a mediator of growth 
hormone (GH), and the nutritional state of 
the animal also play a role in regulating PA. 
The presence of plasmin in milk is undesir- 
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able, because it can adversely affect the pro- 
cessing characteristics of the milk, and result 
in degradation of a-casein and (3-casein. 

Nutrition can influence the involution 
process through the regulation of plasma 
IGF-I concentration, which tends to increase 
when the intake of high-energy and high- 
protein diets is increased (McGuire et ai, 
1992). Increasing the frequency of feeding 
with concentrate supplements from one to 
three times a day and improving the quality 
of the forage had a determining effect on 
increasing the plasma IGF-I concentration of 
ewes in late pregnancy (Chestnutt and 
Wylie, 1995). Variations in somatomedin 
response due to the nutritional state may 
partly explain the positive effects on milk 
yield and milk coagulation properties 
observed by some authors (Pulina et ai, 
1993; Cannas et al., 1995; Serra et ai, 
1995) in dairy ewes whose supply of energy 
and protein was enhanced in late lactation. 


1.2.5 Milk ejection 

Milk ejection is the removal of milk from the 
alveoli through the contraction of the 
myoepithelial cells surrounding the alveoli 
and the small ducts when a neuroendocrine 
milk-ejection reflex occurs. The neuro- 
endocrine mechanism is activated by sen- 
sory receptors in the teat at suckling or 
milking, and by conditioned stimuli of events 
preceding suckling or milking. The nerve 
signals reach the posterior lobe of the pitu- 
itary gland (neurohypophysis) via the spinal 
cord and the oxytocin is released into the 
blood from this gland. On reaching the 
mammary gland, oxytocin causes the 
myoepithelial cells surrounding the alveoli to 
contract, and the stored milk is forced down 
the galactophore and gradually reaches the 
cistern. In this way, the secreted milk, in the 
interval between suckling or milking, is dis- 
tributed in different proportions between the 
alveoli and the small-diameter ducts (alveolar 
milk), and the large-diameter ducts and cis- 
tern (cisternal milk). 

The increase in intramammary pressure 
following ejection is not great enough to 
overcome the resistance of the teat sphinc- 


ter, so active expulsion by suckling or milk- 
ing is required to overcome the resistance to 
milk flow of the teat sphincter. In some dairy 
ruminants, in which a much greater propor- 
tion of the milk is accumulated in the large 
ducts and cistern (e.g. >50%), the ejection 
process may not be so crucial to milk 
removal, but it is likely to be necessary for 
continuous milk secretion (Mepham, 1987). 
In Sarda dairy ewes, which have a high cis- 
tern volume, 60-80% of the secreted milk is 
located in the mammary cistern (Nudda et 
al., 2000). 

The ejection reflex can be induced by 
conditioned stimuli such as the sight and 
noise of the milking parlour or the presence 
of the milkers. Stress, pain or fear can 
inhibit the milk ejection reflex. In these situ- 
ations, adrenalin, which is a potent vaso- 
constrictor of mammary vessels, may be 
released from the adrenal medulla. The 
reduction of mammary blood flow prevents 
oxytocin from reaching the mammary gland 
via the blood, with a consequent lack of 
ejection. 


1.2.6 Removal of milk 

Milk stored in the mammary gland can be 
removed by suckling or milking. Normally, 
the milk is first removed by the suckling of 
the lambs in the first few weeks after lamb- 
ing in traditional sheep milking systems. 
After a few weeks, the milk that exceeds the 
nutritional requirements of the lambs is 
removed by milking, and after weaning all 
the milk is removed by milking only. Just 
prior to suckling or milking, the secreted 
milk is distributed in the mammary gland in 
two parts: 'alveolar milk’ stored in the 
lumina of the alveoli, smaller ducts and duc- 
tules, and ‘cistern milk’ stored in the large 
ducts and in the cistern. The ratio of alveo- 
lar to cistern milk varies depending on the 
cistern volume, the breed and the physio- 
logical state of the animal. For example, the 
cistern milk fraction increases, and the alve- 
olar milk fraction decreases, in the presence 
of a corpus luteum, because luteal oxytocin 
has a strong galactopoietic action, and 
therefore permits contact of the milk with 
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the secretory cells for a shorter period of 
time (Labussiere et al., 1989). 

Milk removal is essential for the mainte- 
nance of lactation. Accumulation of milk in 
the cistern and duct system, for extended 
milking intervals, can reduce the rate of milk 
secretion. For a long time this reduction of 
milk secretion rate was attributed to the 
increase in intramammary pressure due to 
accumulation of the milk in the mammary 
gland, which stretches the secretory epithe- 
lium, and so may cause the compression of 
blood vessels and reduction of mammary 
blood flow. As mammary blood flow 
declines, the availability of hormones (e.g. 
PRL) and nutrients to the gland is reduced. 

This theory was ruled out by research 
carried out in goats (Wilde and Knight, 
1990) and cows (Stelwagen and Knight, 
1997), which showed that physiological fac- 
tors other than intramammary pressure are 
involved. One such factor which plays a 
major role in regulating milk secretion is the 
feedback inhibitor of lactation (F1L), a pro- 
tein found in milk (Wilde et al., 1995). 
When milk accumulates in the alveoli, this 
inhibitory protein also accumulates in the 
milk and causes a feedback inhibition of 
milk synthesis and secretion. Frequent 
removal of milk from the mammary gland 
minimizes the local inhibitory effect of the 
FIL and increases milk secretion (Wilde et 
al., 1987; Wilde and Knight, 1989, 1990). 
This mechanism of autocrine regulation of 
milk synthesis and secretion has also 
recently been found in dairy ewes (Bencini 
et al., 2003). 


1.3 The Evolution of Milk Yield and Milk 
Composition 

In spite of continued milk removal, with 
associated removal of FIL, milk yield 
declines as lactation progresses until the 
mammary gland dries up. As lactation pro- 
gresses, the secretory cells gradually regress 
from a state of active secretion to a non- 
secretory state through a process called 
involution. Because milk yield (MY) is the 
product of cell number (Cn) and secretory 
activity per cell (w), gradual involution hap- 


pens through either a decrease in the num- 
ber of mammary cells or a decrease in their 
activity. 

Apart from systemic factors, the involu- 
tion of the mammary gland is also regulated, 
as previously mentioned, by local mecha- 
nisms such as FIL and the plasminogen- 
plasmin system. These mechanisms are 
active during the whole lactation and can 
accelerate with the following events: (i) 
inflammation of the mammary gland; (ii) 
extension of the milking interval; (iii) sup- 
pression of milk removal; and (iv) reduction 
of nutrients to the mammary gland. In the 
latter case there is a positive relationship 
between nutrient supply and amount of milk 
synthesized, because milk synthesis is related 
to substrates available for milk synthesis 
(Rook and Thomas, 1983). The availability 
of substrates in ECF is not the only limiting 
factor in milk synthesis. One of our recent 
studies on well-fed primiparous ewes showed 
that the milk yield of animals with an udder 
half-milked twice a day (when milking one 
side of the udder was completely suppressed 
for 1 week) was half that obtained from ewes 
with a normally milked gland (618 vs. 1221 
g/day). This result showed that increasing 
the quantity of nutrient substances (which 
were not utilized by the opposite udder half 
in which milking was suppressed) did not 
result in a corresponding increase of their 
uptake for milk synthesis by the regularly 
milked udder half. This can be explained by 
the fact that there was enough nutrient avail- 
able for the potential synthesis activity of 



Fig. 1.6. Variation in fat (°) and protein (•) concen- 
trations during lactation (Pulina, 1990). 
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Fig. 1.7. Variation of somatic cell count during lactation (Banni and Martin, 1 998). 


each cell (w); therefore milk yield was condi- 
tioned mainly by cell numbers (Cn) active in 
the lactation stage during which the experi- 
ment was carried out. 

As lactation progresses the composition 
of the milk changes, with increases in the fat 
and protein concentrations (Fig. 1.6), and in 
somatic cell count (Fig. 1.7), in particular 


PMN leucocytes, while lactose concentra- 
tion, cryoscopy and acidity decrease. 

Other changes accompanying the 
progress of lactation include an increase in 
the content of Mg and Cl, and a decrease in 
the content of K. The milk coagulation time 
and curd firming rate increase while curd 
firmness decreases. 
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Production Patterns in Dairy Sheep 
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2.1 Introduction 

The mathematical analysis of milk produc- 
tion records over time represents a funda- 
mental step in achieving a deeper 
understanding of the complex physiological 
mechanisms that underlie the milk secretion 
process. Furthermore, the mathematical 
description of the main features of temporal 
evolution of milk production is often 
required for technical purposes, mainly to 
improve management and breeding 
choices. Thus, the study of lactation curves 
is one of the most important applications of 
mathematical modelling in animal science. 
This study has been widely developed in 
dairy cattle, where a standard shape of the 
lactation curve has been assessed (Fig. 2.1), 


with first an ascending phase until a maxi- 
mum (lactation peak), followed by a decreas- 
ing phase that goes from the peak to the 
drying off. 

From a theoretical point of view, there 
are no elements to support the hypothesis 
of a substantial difference between dairy cat- 
tle and sheep in the general shape of the 
lactation curve. Therefore, most of the mod- 
els already developed to analyse milk 
records and describe the lactation pattern of 
dairy cattle have also been proposed, with a 
few modifications, for dairy sheep. 
However, in practice, temporal evolution of 
milk production in sheep shows several 
peculiarities that can be ascribed to biologi- 
cal and, mainly, management aspects. In 
the Mediterranean countries, where the 



Fig. 2.1 . The standard lactation curve of dairy cattle. 
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largest concentrations of dairy sheep farms 
exist, reproductive and productive cycles are 
strictly seasonal, being synchronized with 
the availability of natural pastures, which 
represent the most important feeding 
source; as a consequence, milk production 
is largely influenced by environmental fac- 
tors (Barillet, 1985, 1997; Carta et ai, 
1995; Macciotta et ai, 1999). Moreover, in 
most cases the milk of the first month of lac- 
tation is suckled by the lamb, resulting in a 
limited availability of data for the ascending 
phase of the lactation. Lactation peak is 
expected within 3-4 weeks of lambing, i.e. 
in winter for mature ewes, but it is often 
smoothed by adverse environmental condi- 
tions (low temperatures, scarce feed avail- 
ability). On the other hand, the favourable 
climatic conditions that can be found during 
spring, and especially the large availability of 
natural pastures, usually result in a ‘false’ 
lactation peak in the second half of the lac- 
tation (Fig. 2.2), as sometimes also happens 
in dairy cows with autumn calvings in pas- 
ture-based dairy systems (Garcia and 
Holmes, 2001). 

Another important factor that affects 
the lactation curve in sheep is represented 
by the type of lambing, i.e. the number of 
suckling lambs. Several studies have 
reported a larger milk yield for ewes with 
multiple births. However, an effect of pro- 


lificacy along the whole curve has been 
detected only in meat and wool sheep 
(Torres Hernandez and Hohenboken, 
1980; Snowder and Glimp, 1990), whereas 
in dairy breeds the higher production of 
ewes raising twins is usually evident only in 
the first part of lactation (Benyoucef and 
Ayachi, 1991; Gabina et ai, 1993; Baro et 
ai, 1994; Gonzalo et at., 1994). 
Furthermore, this effect can be hidden or 
even reversed (Pagnacco et ai, 1989) if the 
ewe is undernourished before and after par- 
turition. 

Finally, the existence of a large number 
(20-50% of observed cases) of lactation 
curves that do not have a lactation peak has 
been reported for several sheep breeds 
(Cappio-Borlino et at., 1997). Such a situa- 
tion has also been observed in dairy cattle 
(Shanks et ai , 1981) and can be ascribed to 
the low impact of genetic selection in dairy 
sheep. 

2.2 Empirical Models of Lactation 
Curves 

As in other fields of applied biology, mathe- 
matical models suggested for studying the 
lactation curve can be divided into two main 
classes: empirical models and mechanistic 
models. This distinction arises from the dif- 



Fig. 2.2. Examples of different shapes of lactation pattern in sheep. normal; broken line, with a double 
peak; continuous line, without peak. 
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ferent approach used to analyse the main 
components that can be recognized in bio- 
logical processes: the deterministic compo- 
nent, usually characterized by a continuous 
and regular pattern that refers to genetic 
and environmental factors affecting the phe- 
nomenon under study; and the stochastic 
component, peculiar to each animal and, 
therefore, unpredictable. Empirical mathe- 
matical models are essentially aimed at dis- 
entangling these two components without 
any interest in the mechanisms that underlie 
the process itself. On the contrary, the 
mechanistic approach aims to increase the 
knowledge about a biological phenomenon; 
thus a mechanistic model is developed as an 
attempt to translate in mathematical terms 
an hypothesis about the deep physiological 
and biochemical processes that regulate the 
phenomenon of interest. 

2.2.1 Mathematical models of lactation 
curves 

Milk production experimental data consist 
of Test Day (TD) measures recorded at dif- 
ferent time intervals from lambing (approxi- 
mately every 30 days). In dairy sheep, data 
recording usually starts at the end of the 
suckling period, i.e. after the first month of 
lactation, and considering a lactation length 
of 200 days, TD records available per ani- 
mal are on average 5-6. 


The most simple mathematical method 
to analyse milk TD records is the fitting of a 
time function, continuous and differentiable 
in the whole interval of time that corre- 
sponds to the lactation length. As previously 
stated, several mathematical functions that 
were originally proposed to model the lacta- 
tion curve of dairy cattle have also been 
applied to dairy sheep. The most widely 
used equation is the Wood’s incomplete 
gamma function (Wood, 1967), which is 
defined by three parameters: 

y(t) = a t b exp(- ct) [1] 

where y(t) is the average daily production at 
time (t) and a, b and c are parameters with 
positive values which describe the shape of 
the lactation curve. An advantage of the 
Wood model lies in the fact that a technical 
meaning can be assigned to its three param- 
eters: a is an estimate of the initial milk 
yield, which offers a kind of benchmark of 
the total yield; b is a measurement of the 
rate of milk yield increase until the peak; 
and c is a measurement of the rate of 
decreasing milk yield after the peak. Table 
2.1 shows the values of the parameters for 
the Wood function for milk yield estimated 
in some breeds of dairy sheep. 

A practical advantage of the Wood 
function is represented by the opportunity 
to linearize it by a simple natural logarithm 
transform: 


Table 2.1 . Parameter estimates of Wood function for milk yield (g/day) in some dairy sheep breeds. 




Parameter 


Breed 

a 

b 

c 

Sard a 

(Pulina and Nudda, 2001) 

934 

0.181 

0.041 

Comisana 

(Portolano etal., 1996) 

1146 

0.197 

0.011 

Valle del Belice 
(Portolano etal., 1999) 

2599 

0.034 

0.0045 

Massese 

(Franci etal., 1999) 

1116 

0.290 

0.0147 

US breeds 
(Chang etal., 2001) 

758 

0.185 

0.0108 

Awassi 

(Pollot and Gootwine, 2000) 

1690 

0.320 

0.0106 
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log y(t)= loga + blogt - ct [2] 

Several other functions have been proposed 
to model sheep lactation curves (Table 2.2). 
Some of them fit the data better than the 
model [1], but with a larger number of 
parameters whose technical meaning is dif- 
ficult to define. An example is represented 
by the fitting of a third-order polynomial to 
the lactation curve characterized by a false 
double peak; although this function gives 
the best fit to experimental data, no rela- 
tionships between its parameters and tech- 
nical aspects of milk production pattern can 
be assessed. However, these models can be 
used to estimate the production loss due to 
the absence of the physiological peak by 
comparing their predicted patterns with the 
theoretical pattern obtained with a paramet- 
ric function, such as the linearized Wood 
function; with this approach, a reduction of 
about 20% in the total lactation yield has 
been estimated in Sarda dairy ewes with lac- 
tation pattern characterized by a double 
peak (Cappio-Borlino et a/., 1989). 

The knowledge of the average lactation 
curve of homogeneous groups of animals 
allows for the calculation of missing data, for 
the extension of incomplete lactations and 
for the estimation of total milk yield per lac- 
tation, which is still the main breeding goal 
in selection programmes for dairy ewes. 
Recently, a Bayesian hierarchical non-linear 
mixed model has been used to investigate 
the genetic variation of individual lactation 
curves in some dairy sheep breeds reared in 
the USA, and to estimate breeding values 
for the equation parameters in order to find 
selection goals to modify the general shape 
of the lactation curve (Chang et a/., 2001). 

In theory, all these methods allow for 


the evaluation of the effects of the main 
environmental factors on milk production by 
means of the analysis of variance of the 
parameters that define the function actually 
used. However, in the analysis of milk pro- 
duction data developed by continuous func- 
tions of time, environmental effects are 
assumed to average out over the lactation, 
even if there can be effects peculiar to each 
TD milk yield that may not average 
out (Jamrozik and Schaeffer, 1997). 
Moreover, when temporary environmental 
effects become predominant, the analytical 
description of lactation curves loses its dis- 
criminant power, and the continuous and 
regular pattern of yield variability is no 
longer separable from the environmental 
effects and from the residual random varia- 
tion. A typical example is represented by 
the fitting of the Wood model to lactations 
that lack the production peak, resulting in 
estimates that are out of the parameter 
space. 

2.2.2 Estimating lactation curves by mixed 
linear models 

The direct modelling of TD yields by mixed 
linear models, usually called TD models, 
represents an alternative that can overcome 
the limitations of the analytical function 
methodology. These models allow for the 
reconstruction of the lactation curve by solv- 
ing for the least squares estimates of the 
fixed effects of a days-in-milking (DIM) factor 
on milk yield, taking into account at the 
same time all the environmental factors 
affecting milk production, such as lambing 
season, season of production and parity 
(Stanton et al., 1992). In addition, TD mod- 


Table 2.2. Examples of mathematical functions used to fit dairy sheep lactation patterns. 


Model 

Author 

y(t) = t/a + bt + ct 2 

Nelder (1966) 

y(t) = a - bt + ae -0 ' 

Cobby and Le Du (1978) 

y(t) = a + bt + ce _005t 

Wilmink (1987) 

logy = a - bt(1 + kb) = ct 2 + d / t 

Morant and Gnanasakthy (1989) 

y(t) = a + t bexp(- ct) 

Cappio-Borlino etal. (1995) 


Mathematical Modelling of Lactation Curves 


17 


els allow for: (i) a more accurate estimation 
of the main environmental effects; (ii) a dif- 
ferent number of records from each lacta- 
tion; (iii) the variation of fixed effects 
estimates across herds and lactation stages; 
and (iv) the adjustment for different effects 
of sampling date and the prediction of daily 
milk yields from a limited number of 
recorded TD (Pool and Meuwissen, 1999). 

Lactation curves of homogeneous 
groups of animals can thus be estimated by 
the least squares means of DIM effect nested 
within the levels of environmental factors. 
As an example, the following TD model 
allows for the construction of lactation 
curves of sheep from flocks located at dif- 
ferent levels of geographical altitude 
(Macciotta ef al., 1999): 

Y = m + F + DIM(ALT) + L + E [3] 

where Y is the TD milk yield; F are the fixed 
factors included in the model (in this case 
flock, type of lambing, year of production, 
parity); DIM is the fixed effect of days-in- 
milking; ALT is the fixed effect of the level 
of altitude of the location of flocks; L is the 
random effect associated with each individ- 
ual lactation; and E is the random residual. 
Figure 2.3 shows the plot of the least 
squares estimate of the DIM(ALT) factor 
against days-in-milking. 

In fact, lactation curves are clearly sep- 


arated for all three levels of altitude, espe- 
cially in the first phase, due to the specific 
effect of the DIM factor for each level of alti- 
tude. Such interaction can be explained by 
differences in the climate and, mainly, in the 
quantitative and qualitative evolution of pas- 
tures. None of the lactation curves shows the 
presence of a lactation peak, because the 
first record occurs on average on the 40th 
DIM, i.e. after the occurrence of the peak. 
The slightly increasing phase in the lactation 
curve of mountain ewes must be interpreted 
as an effect of the improvement in the con- 
ditions of production as lactation proceeds 
rather than of the physiological rise to the 
peak yield; early lactation occurs in early 
winter, environmental conditions are partic- 
ularly adverse, mainly due to low tempera- 
tures and scarce availability of pastures. 
Estimates of DIM also include a seasonal 
effect on production, which cannot be con- 
sidered separately due to the fact that all 
ewes lamb in the same period. 

TD models have been also used to esti- 
mate lactation curves for milk fat and pro- 
tein contents, which are important 
production traits, since almost all sheep milk 
is used for cheese processing. Figures 2.4, 
2.5 and 2.6 show the lactation curves of 
milk yield, and fat and protein content in 
Valle del Belice dairy sheep for three differ- 
ent parities estimated by a TD model similar 
to model [3] (Cappio-Borlino et al., 1997). 



Fig. 2.3. Sarda sheep lactation curves for milk yield separated by altitude of location of the flocks estimated 
with a Test Day model. ■, plain; A, hill; •, mountain (Macciotta et al., 1999). 
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Test Day models are able to highlight 
the higher level of production for ewes at 
third or greater parity and the greater per- 
sistency of lactation in primiparous ewes 
(Fig. 2.4). This last characteristic, evidenced 
in most dairy species, is usually explained by 
the maturation process, which is still in 
progress during the first lactation and which 
counteracts the normal decline in milk yield 
(Stanton et a!., 1992). 

Curves of fat content do not show sub- 
stantial differences between different pari- 
ties (Fig. 2.5), whereas a lower protein 
percentage in the milk of first and second 
parity ewes can be observed (Fig. 2.6). This 
result is usually explained by the reduced 
rumen functionality, the lower synthesis effi- 
ciency of the mammary gland and the pref- 
erential utilization of the available amino 
acids in growing tissues in young animals. 

Another interesting aspect evidenced 
by TD modelling in Valle del Belice sheep is 
the difference in the rate of increase 
throughout lactation between fat and pro- 
tein percentage, the latter being of a lower 
order. As a consequence, the ratio between 
fat and protein percentage increased over 
time, as observed in other dairy sheep 
breeds. 

TD phenotypic models used for lacta- 
tion curve estimation often include a ran- 
dom factor associated with each individual 
lactation (L), which allows for the division of 
the residual variance (Op) into a component 


between animals (Op) and one within ani- 
mals (o|). Such a (co)variance structure is 
known as Compound Symmetry (CS) and it 
is the most frequently adopted in pheno- 
typic analysis of repeated measures with 
‘split-plot in time’ designs (Stanton et at., 
1992; Cappio-Borlino et al., 1997; Carta 
et al., 2001). The average correlation value 
among TD measurements within lactation, 
usually called repeatability, can then be cal- 
culated as the ratio (ajoGp). Average esti- 
mates of repeatability values for milk 
production traits in sheep are around 0.50, 
0.35 and 0.45 for milk yield, fat and protein 
percentage, respectively. 

However, the real (co)variance structure 
of TD measures within lactation is usually 
more complicated, as environmental effects 
on daily milk yield are markedly variable 
across lactation stages due to the peculiar 
management of dairy sheep (Carta et al., 
1995; Cappio-Borlino et al., 1997; 
Macciotta et al., 1999). In particular, meas- 
ures at different days in milking (DIM) on the 
same lactation can be correlated simply 
because they share a common contribution 
from the animal, but measures closer in time 
are usually more correlated than measures 
further apart in time. This time-dependent 
relationship is an expression of the individ- 
ual variation around the mean lactation 
curve due to environmental short-term 
effects such as random variations in dietary 
quality and intake, weather and minor 



Fig. 2.4. Lactation curves of milk yield for three different parity classes of Valle del Belice sheep estimated 
with a Test Day model. 2; A, 3 (Cappio-Borlino et al., 1997). 
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Days in milking 

Fig. 2.5. Lactation curves of fat percentage for three different parity classes of Valle del Belice sheep esti- 
mated with a Test Day model. 2; A, 3 (Cappio-Borlino ef at., 1997). 


injuries (Ali and Schaeffer, 1987; 
Carvalheira et al., 1998), but also to genetic 
variation. The mixed linear model method- 
ology can be exploited to model directly the 
(co)variance structure among repeated 
measures. Suitable (co)variance structures 
for residuals in mixed models have been sug- 
gested for genetic evaluation in cattle 
(Carvalheira et al., 1998) and for pheno- 
typic analysis in dairy sheep (Giaccone et 
al., 2000; Carta et al., 2001). In particular, 
the constant component of the (co)variance 
can be modelled by a lag-independent 


parameter (o^), whereas the time-depend- 
ent component of covariation can be mod- 
elled by a lag-dependent covariance function 
with the form of a first-order autoregressive 
process AR(1) (Diggle, 1988; Littel et al., 
1998). Figure 2.7 shows an example of the 
fitting of an AR(1) process to the actual cor- 
relation structure of residuals of TD milk 
yields. 

The definition of a more appropriate 
(co)variance structure not only affects the 
goodness of fit of the mathematical model 
proposed, but it also allows for a more 



Fig. 2.6. Lactation curves of protein percentage for three different parity classes of Valle del Belice sheep 
estimated with a Test Day model. ♦, 1; ■, 2; A, 3 (Cappio-Borlino et al., 1997). 
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Fig. 2.7. Fit of an autoregressive process of the first order ( — ) to the correlation pattern (■) among Test 
Day yields of dairy ewes at different lags between measures. 


detailed explanation of some factors affect- 
ing the analysed trait. For example, the 
combined use of the CS and AR(1) struc- 
tures is often able to detect the nature of 
random factors causing variation among 
average lactation curves in dairy ewes. The 
constant component, estimated by the CS 
structure, can be due to factors affecting the 
whole lactation, such as genetic merit of the 
animal or permanent environmental factors. 
On the other hand, the existence of an 
appreciable component of covariation that 
decreases rapidly with increasing lags can be 
seen as an indication of important environ- 
mental factors that result in short-term 
effects, whose ‘memory’ is lost within a few 
lags. The combination of the two types of 
covariance components results in a stronger 
linkage between TD records at different lags 
for milk yield and protein percentage than 
for fat percentages. Such different behav- 
iour reflects differences in metabolic 
processes involved in milk production (Carta 
et al., 2001). 

2.2.3 Modelling of TD covariances within 
lactation by Time Series analysis models 

(Co)variances among milk production data 
within lactation can be also accounted for by 
another class of mathematical models, orig- 
inally developed in the field of econometrics, 


the Time Series analysis models (Box and 
Jenkins, 1970; Piccolo, 1990; Hamilton, 
1994; Chatfield, 1999). Fitting Time Series 
models requires a sufficiently large data set. 
This requirement seems to exclude the use 
of Time Series methodology for the analysis 
of data derived from dairy sheep recording 
schemes (on average 5-6), restricting its use 
to situations in which all TD within each lac- 
tation are available (Deluyker et al., 1990). 
This constraint, however, can be removed 
by constructing a series with an index vari- 
able that does not have an immediate refer- 
ence to time. Figure 2.8 shows a succession 
of data made by milk TD records of 100 
Sarda dairy sheep, with seven records each, 
ordered by lactation and, within lactation, by 
distance from lambing (Macciotta et al . , 
2000 ). 

Time Series methodologies possess 
some diagnostic tools, such as Fast Fourier 
transform and the autocorrelation function, 
that are able to recognize the main charac- 
teristics of the series under study and to 
highlight deterministic and random compo- 
nents. The Fourier analysis, also known as 
spectral analysis, is based on the assumption 
that any succession of values ordered by an 
index variable can be obtained as the sum of 
periodic elementary waves with different 
angular frequencies. Results of spectral 
analysis are usually summarized in a peri- 
odogram function that plots the average 
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Fig. 2.8. Pattern of 700 TD records of 100 lactations ordered by sheep and by distance from parturition 
(Macciotta et al., 2000). 


squared amplitudes of the elementary waves 
against the corresponding frequencies. 
Peaks of amplitude for well-defined frequen- 
cies are evidence of deterministic compo- 
nents, whereas a continuous pattern of the 
periodogram reflects the non-deterministic 
components. In particular, a periodogram 
that shows only isolated and discrete peaks 
underlines a deterministic process, whose 
future values can be predicted easily from 
the data; a periodogram nearly parallel to 
the frequency axis is evidence of processes 
that are random and unpredictable (i.e. 


white noise processes); the repeated occur- 
rence of well-defined peaks at equally 
spaced intervals of frequency highlights the 
existence of a periodic component. Figure 
2.9 shows results of the spectral analysis 
performed on the series illustrated in Fig. 
2 . 8 . 

The periodogram shows the occurrence 
of well-defined peaks at equally spaced inter- 
vals of the angular frequencies w = n* 2p/T, 
where T is the period of seven lags of the 
index variable. This pattern underlines the 
existence of a periodic deterministic compo- 



Fig. 2.9. Periodogram of result of Fourier transform of the succession of data reported in Fig. 2.8. The wave 
intensity is expressed in an arbitrary scale. The angular frequency (w) corresponds to n*2p7T, where T is 
the lag (Macciotta et al., 2000). 
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Lags 

Fig. 2.10. Autocorrelation function of the succession of data reported in Fig. 2.8. Dotted lines are plotted 
at zero plus and minus twice the standard errors for each coefficient (Macciotta et a/., 2000). 


nent, which occurs in all lactations and 
which can be identified with the amount of 
variability explained by the average lactation 
curve of the succession. This component, 
i.e. the lactation curve, can be estimated by 
using the so-called seasonal periodic decom- 
position procedure. 

The function of autocorrelation p(k) at 
lag k of the TD series is the linear correla- 
tion coefficient between TDt and TDk, cal- 
culated for k = 0,1,2... 

Autocorrelation values, significantly dif- 
ferent from zero at lags that are multiples of 
seven (Fig. 2.10), highlight the periodic 
component of the variability (average lacta- 
tion curve), further confirming results of 
spectral analysis. Moreover, the autocorrela- 
tion pattern indicates the existence of an 
autoregressive component of the first order 
(AR(1)). On the basis of this diagnostic step, 
a suitable ARMA (Autoregressive Moving 
Average Model) model can be suggested. In 
comparison with models considered in the 
previous sections, this model is able to take 
into account both the periodic component 
of the succession (lactation curve) and the 
temporal dependence of the (co)variance 
structure among TD within lactation. 
Finally, the goodness of fit of the model can 
be tested by the absence of values signifi- 
cantly different from zero (i.e. that exceed 


the dotted line) in the autocorrelation func- 
tion of residuals (Fig. 2.11), thus confirming 
the white noise of residuals, i.e. their com- 
plete randomness. 

ARMA models are particularly useful 
for forecasting missing data, due to their 
ability to upgrade predictions by using the 
errors made in the previous estimates. Table 
2.3 reports the goodness of ARMA predic- 
tions in three different parities of Sarda 
sheep for two situations of incomplete lacta- 
tions: only the first two TD records out of 
seven are available, with the last actual TD 
recorded at about the 65th DIM; only the 
first four TD records out of seven are avail- 
able, with the last actual TD recorded at 
about the 125th DIM. Total lactation yields 
are calculated by using all seven actual 
TD records (AY), two actual and five 
predicted TD (FY2) and four actual and 
three predicted TD (FY4). Statistics are: 
Pearson correlations between actual and 
predicted productions; the prediction 
bias; and the ratio between the standard 
deviation of differences between actual and 
predicted and the mean value of actual pro- 
ductions. 

Values of Pearson correlations between 
actual and predicted yields are remarkably 
high, even if predictions are obviously better 
when four out of seven TD are known 
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Lags 


Fig. 2.11 . Autocorrelation function of residuals of ARMA modelling fitted to the succession of data reported 
in Fig. 2.8. Dotted lines are plotted at zero plus and minus twice the standard errors for each coefficient 
(Macciotta et ai, 2000). 


(about 0.92 and 0.98, respectively). The 
magnitude of the prediction bias is negligible 
and, more importantly, of different signs in 
the different classes, indicating the absence 
of any tendency of the model to over- or 
underestimate TDY. Finally, the last index, 
obtained as 100 times the ratio of the stan- 
dard deviation of the difference between 
actual and predicted productions, and usu- 
ally proposed as a measure of the goodness 
of predictions, is about 8.5 (except for third 
parity ewes) for FY2, whereas it is about 4.5 
for FY4. These results are comparable with 
those obtained in dairy cattle, thus confirm- 
ing the good forecasting power of ARMA 
modelling. 


2.3 Mechanistic Models of Lactation 
Curves 

The construction of a mechanistic model 
starts from current knowledge about the 
process under study. In the case of lactation, 
this is a very hard task to perform due to 
both the large number of variables involved 
in the process and the difficulty of their 
determination. 

Neal and Thornley (1983) proposed a 
multi-compartmental model of the mam- 
mary gland able to explain the standard lac- 
tation pattern, on the basis of the most 
important physiological processes and 
metabolic pathways that control the mecha- 


Table 2.3. Statistics ot the predictions for the three parity stages in Sarda ewes (see text for explanations). 




65 DIM 



125 DIM 


Parameter 

3rd 

4th 

5th 

3rd 

4th 

5th 

Correlation (AY 1 , FY 2 ) 

0.91 

0.93 

0.94 

0.98 

0.98 

0.98 

Mean (AY - FY) 

-2.73 

-2.22 

2.52 

-1.33 

2.29 

1.42 

°(ay_-fy),i 00 

AY 

10.08 

8.38 

8.40 

4.68 

4.02 

4.30 


1 Actual yield; 2 forecasted yield. 
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nism of milk production. In spite of remark- 
able advances in the understanding of milk 
production physiology (Davis et al., 1999), 
Neal and Thornley’s work remains a rele- 
vant attempt at in-depth dynamic analysis of 
the main processes of mammary gland 
physiology in domestic ruminants (Pulina et 
al., 2001). However, the practical use of 
this model is strongly constrained by its 
great theoretical complexity and by the large 
number of parameters involved. 

A lactation curve function based on the 
biology of the mammary gland during preg- 
nancy and lactation has recently been 
devised (Dijkstra et al., 1997; Pollot, 2000). 
The major processes considered are: mam- 
mary parenchymal cell proliferation, their 
differentiation into cells showing secretory 
activity and the reduction in their number as 
a result of programmed cell death (apopto- 
sis). A mechanistic model has been devel- 
oped by using two logistic functions 
representing secretory cell differentiation 
and death throughout lactation, respec- 
tively, and then fitting them to the lactation 
curve of the Awassi dairy sheep (Pollot and 
Gootwine, 2000). 

A similar approach, even if largely sim- 
plified, has been specifically proposed to test 
a hypothesis about the mechanism that 
underlies the dimorphism of the lactation 
curve observed in several breeds of sheep. 
In fact, together with the ‘regular’ lactation 
curves, characterized by the usual shape, 
there are ‘decayed’ lactation curves, show- 
ing no peak and a continuous decreasing 
trend; these are observed in 30-50% of lac- 
tations (Sakul and Boylan, 1992; Cappio- 
Borlino et al., 1995; Carta et al., 1995). 
Empirical mathematical models applied to 
dairy sheep are able only to describe the 
regular shape (Cappio-Borlino et al., 1989, 
1995; Groenwald et al., 1995). Attempts to 
fit these models to decayed curves result in 
parameter estimates that fall out of the 
range of biological significance. As an 
example, the fitting of the incomplete 
Wood’s gamma function [1] to decayed 
curves resulted in a negative estimate of the 
parameter b value (Portolano et al., 1999). 
The mechanistic model of the lactation 
curves of dairy sheep that is able to explain 


such a dimorphism (Cappio-Borlino et al., 
1997) is based on a functional bicompart- 
mental model of the mammary gland 
(Ferguson and Boston, 1993). It gives a 
schematic mathematical representation of 
the physiological theory that the quantity of 
milk produced each time depends on the 
number of active secretory cells that are in 
the mammary gland at the time (Mepham, 
1987). The first functional compartment 
represents a pool of inactivated milk secre- 
tory cells, and the second a pool of activated 
secretory cells. The flow from the first to the 
second compartment corresponds to the 
cell activation process. The output of the 
model = q 2 (t) is the number of secretory 
cells that are in the mammary gland at time 
t, and can be considered proportional to the 
milk production at that time. Figure 2.12 
shows an analogic representation of 
the model obtained by using the simula- 
tion software stella II (STELLA®5.0, 
High Performance Systems, Hannover, 
USA). 


ql q 2 



kl k2 


Fig. 2.12. Analog representation of the bicompart- 
mental model obtained by stella II software, ql, 
number of inactivated cells; q2, number of acti- 
vated cells; kl, cell activation rate; k2, cell inacti- 
vation rate (Cappio-Borlino et al., 1997). 


The model works according to the fol- 
lowing differential equations: 

Equation [4a] refers to the number of 
cells that undergo activation at time t, while 
[4b] represents the variation in the number 
of activated cells at time t due to the differ- 
ence between this activation process and a 
contemporary process of inactivation; 
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dt 


= -k lQl 


reduces to zero and the variation of Q 2 can 
be described by the differential equation: 


dq^ 

dt 


= k iqi - k 2 q 2 


[4b] 


TT = ~ k 2 q 2 171 


kj and k 2 are positive parameters, which 
measure secretory cell activation rate and 
inactivation rate, respectively. This system 
of ordinary linear differential equations is 
equivalent to a second-order differential 
equation of the form: 

^■+(k 1+ k 2 )^ + k 1 k 2 q 2 = 0 [5] 


whose solution is the decreasing exponen- 
tial function: 

q 2 (t) = Q 2 e~ k2t [8] 

Solution of equation [5] is in the form of a 
biexponential function: 

q2(t) = B1 e- klt + B2 e - k2t [9] 


The general solution of equation [5] is 
the function: 


q 2 (t) = 


e~ k i‘ 



kjQj 


[ 6 ] 

~ kot 


where Q 1 is the initial number of inactivated 
cells present in compartment one at the 
time of lambing and Q 2 is the initial number 
of activated cells present in compartment 
two at the same time. 

However, in the case of a reduction of 
the activation process to a single pulse that 
occurs at time of lambing, immediately after 
lambing the connection between the two 
compartments is interrupted, equation [6] 


Equation [9], originally suggested by Brody 
(1945), and afterwards used by Schaeffer et 
al. (1977), is a good empirical model for the 
regular shape of the lactation curve, given 
that B1 > 0, B2 < 0 and k2 > kl. On the 
other hand, equation [8] represents a 
decreasing curve that could be a good 
empirical model for the decayed lactation 
curve. Fitting of equations [9] and [8] to 
experimental data for regular and decayed 
shapes is shown in Figs 2.13 and 2.14, 
respectively. 

These results confirm the ability of the 
bicompartmental model of the mammary 
gland to explain the dimorphism in the 



Fig. 2 . 13 . Fitting of the bicompartmental model to regular lactation curves data (Cappio-Borlino et a/., 
1997 ). 
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Fig. 2.14. Fitting of the bicompartmental model to decayed lactation curves data (Cappio-Borlino et al., 
1997 ). 


shape of lactation curves of dairy sheep in 
terms of the mechanism of activation and 
inactivation of the secretory cells. 

These mechanistic models could be fur- 
ther developed by including a process of 
delay of apoptosis, which could explain the 
higher capacity of dairy sheep, in compari- 
son to dairy cattle, to recover good produc- 
tion levels in the event of temporary adverse 
environmental conditions. Such a peculiarity 
of sheep has been recently confirmed in a 
study carried out on Sarda and Awassi ewes 
in the final stage of lactation (Nudda et al . , 
2002 ). 


2.4 Conclusions and Further Research 

Fitting a suitable analytical function of time 
to Test Day records remains the most sim- 
ple and immediate technique for describing 
the evolution over time of milk production 
quantitative traits and for separating the 
effects of lactation stage from other envi- 
ronmental factors. In fact, it is quite easy to 
find simple equations, both linear and non- 
linear, which are able to fit the average lac- 
tation curve of homogeneous groups of 
animals, but the goodness of fit to individual 
lactation curves is usually very poor. Such a 
drawback results in a great limitation of the 
use of mathematical functions in predicting 
missing TD records and in extending lacta- 
tions in progress. However, average lacta- 


tion curves can be usefully employed to help 
management decisions, such as the rational 
planning of feeding for homogeneous 
groups of ewes. 

Test Day models are able to remove 
environmental variation and to analyse in 
detail the covariance structure of residuals 
that often show a high degree of autocorre- 
lation. As in dairy cattle, a possible option 
for the immediate future of dairy sheep 
breeding will be the combination of TD 
models and mathematical functions in 
repeatability TD models, where average lac- 
tation curve functions are included as covari- 
ates, and in Random Regression models, in 
which individual lactation coefficients are 
the expression of individual genetic variation 
around the average curve. 

Time Series models seem particularly 
interesting for future applications, due to 
their ability to recognize deterministic and 
random components of the evolution of 
milk production over time. In particular, 
ARMA models are able to identify the shape 
of the average lactation curve and to high- 
light the autoregressive nature of TD residu- 
als within each lactation. Furthermore, 
ARMA models provide a simple and flexible 
tool for forecasting missing Test Day 
records. Such properties of ARMA model- 
ling could be very useful in increasing the 
impact of selection programmes in dairy 
sheep populations, where the critical point 
is represented by the small number of con- 
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trolled animals. Adaptive signal processing 
and its application in Time Series prediction 
will become more important in the future, 
when dairy animals may have much longer 
official test intervals, but much more fre- 
quent records held by the farm owner. To 
analyse such a complex wealth of informa- 
tion, more powerful and sophisticated tools 
of signal processing will be necessary in 
order to manage, at the same time, several 
Time Series of different variables and with 
different recording frequencies. Methods 
based on cross-correlations among Time 
Series, artificial neural networks and wavelet 
decomposition seem particularly appealing 
for these purposes. 

However, for the future, the greatest 


effort in the mathematical modelling of lac- 
tation curves must be directed towards the 
mechanistic approach. The use of mecha- 
nistic models is rather infrequent in several 
sectors of applied biology, particularly in 
animal science. This is mainly due to the 
great difficulty in describing in mathematical 
terms the complex physiological processes 
that underlie the phenomenon under study. 
As far as milk production is concerned, 
models recently proposed on the basis of 
the known biology of the mammary gland 
seem particularly promising, because of 
their ability to provide a theoretical basis to 
empirical models of lactation curves, by 
using a set of differential equations with 
rather simple analytical solutions. 
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3.1 Introduction 

Many studies have been conducted to deter- 
mine the nutrient requirements of sheep, 
mainly because this species has often been 
used as a model for cattle. Indeed, sheep are 
easier to handle and less expensive to work 
with. However, because there are only a few 
countries with a large number of sheep, 
because sheep are economically less impor- 
tant than cattle and because they are nor- 
mally managed in extensive, low-input 
systems, the feeding systems developed for 
sheep are simpler and more empirical than 
those designed for cows. Another character- 
istic of these feeding systems is that they are 
mostly based on data obtained on meat or 
wool sheep breeds. Only the French system 
(INRA, 1987) has dedicated a specific effort 
toward dairy sheep. However, the rations 
formulated with this system appear to 
underestimate feed requirements of lactating 
ewes, as discussed in Chapter 6 of this 
book. 

All the most important feeding systems 
have specific sections for estimating feed 
intake, nutrient requirements and feed 
value. These aspects are all inextricably con- 
nected (Lanari et al., 1983); indeed, the 
estimation of requirements must take into 
account the availability of nutrients, whose 
prediction, in turn, requires an accurate 
knowledge of animal requirements. 
However, while many feeding systems use 
the same feed evaluation approach for all 
ruminants, requirements are specific for the 


species considered. A comparison of energy 
and protein requirement systems for sheep 
was published in the 1980s by Robinson 
(1987) and also by Susmel and Cuzzit 
(1988). However, since then several new or 
updated feeding systems for sheep have 
been published. 

For this reason, the aims of this chapter 
are to compare the estimates of energy and 
protein requirements of the most important 
sheep systems and to highlight differences 
in approach, level of aggregation, input 
required and flexibility. The main focus is on 
mature ewes, because of their importance in 
all sheep production systems. In addition, 
two recently published feeding systems 
derived from the previous ones will be dis- 
cussed. 


3.2 Main Feeding Systems for Sheep 

Several feeding systems for sheep have 
been published. Those systems that have 
achieved international recognition are: (i) 
the Agricultural and Food Research Council 
(AFRC, 1990, 1992, 1995); (ii) the 
Commonwealth Scientific and Industrial 
Research Organisation (CSIRO, 1990); (iii) 
the Institut National de la Recherche 
Agronomique (INRA, 1987, 1988, 1989); 
and (iv) the National Research Council 
(NRC, 1985). All these systems allow the 
prediction of feed intake, nutrient require- 
ments and feed value. As stated previously, 
this chapter focuses only on requirements, 
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Table 3.1. Efficiencies of conversion of ME to NE for different physiological functions. 



AFRC 

CSIRO 

INRA 

NRC 

Maintenance 

k m = 0.35 q m +0.503 

k m = 0.02 M/D+0.5 

k| 

k m = 0.729 

Lactation 

k, = 0.35 q m +0.42 

k, = 0.02 M/D+0.4 

k, = 0.249*q m +0.463 

ng 

Growth 

k g = 0.78 q m +0.006 a 

k g = 0.042 M/D+0.006 a 
k. = 0.063 M/D-0.308 b 

¥ 

kg d 

k g reserves in lactation 
k g reserves 
in dry period 

0.95 k. 

060 

k, 

ng 

as in growth 

as in growth 

k, 

ng 

NE BW loss -» NE milk 

0.84 

0.84 

0.80 

ng 

NE BW loss -> NE maint. 

0.80 

ng 

ng 

ng 


q m , ME/GE at maintenance feeding level (LN = 1), calculated assuming GE= 4.398 Meal; M/D, metabolizable energy 
per kg of DM of the diet (MJoules); ng, not given. 
a k g when M/D > 2.271 Mcal/kg DM. 
b k g when M/D < 2.271 Mcal/kg DM. 

c For replacement animals; in the case of meat breeds, a single coefficient is used for all functions, assuming that 
LN=1 -5, k mg = (k m *k g *1.5)/(k g + 0.5 kj, with k m = 0.287 * q m + 0.554 and k g = 0.78 * q m + 0.006 
d k = (1 .42 * ME - 0.174 x ME 2 + 0.0122 ME 3 -1 ,65)/ME. 


which were compared on the basis of the 
physiological and productive factors known 
to affect nutrient demand. More details of 
these simulations will be given in the appro- 
priate sections. The safety margins used by 
the systems were not considered in this 
comparison. 

Due to the direct connection between 
requirement estimation and supply of nutri- 
ents, dietary metabolizable energy concen- 
tration and intake had to be estimated for 
the calculation of energy and protein 
requirements. This was done by simulating 
feed and energy intake using normal physi- 
ological and productive conditions. Since 
feed and nutrient intake are calculated in dif- 
ferent ways depending on the system con- 
sidered, the comparison between feeding 
systems here described does not allow one 
to draw conclusions about the accuracy of 
the requirements predicted. 

3.3 Energy Requirements 

The NRC and INRA systems use a single 
energy unit for all functions (e.g. mainte- 
nance, milk production, pregnancy): metab- 
olizable energy (ME) for NRC, UFL (forage 
unit for lactation, which corresponds to 
1700 kcal of net energy for lactation) for 


INRA. More precisely, NRC presents 
energy requirements in terms of ME and 
gives a partial description of the net energy 
(NE) requirements used to estimate ME 
requirements. 

The AFRC and CSIRO systems calcu- 
late specific NE requirements for each func- 
tion. These requirements are then converted 
to ME using a specific conversion efficiency 
of ME to NE for each physiological function 
(Table 3.1). For this reason, the systems 
could be compared only by using a common 
unit, ME. Net energy was converted to ME 
for each system using the efficiencies of that 
system (Table 3.1). To accomplish this con- 
version it was necessary to calculate the 
ratio of ME:gross energy in the diet (called 
metabolizability or q ) for the AFRC and 
INRA systems, and the concentration of ME 
in the diet (called M/D) for the CSIRO sys- 
tem, both calculated at maintenance feeding 
level. Requirements were estimated and 
compared using the same q m , and the cor- 
responding M/D, for all systems. When 
required, dietary gross energy was consid- 
ered equal to 4.398 Mcal/kg DM (CSIRO, 
1990). 

In all four systems, the calculation of 
total requirements is based on a factorial 
approach; therefore the requirement for 
each important metabolic function is ealeu- 
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lated separately and then added to the 
energy required for other functions. 


3.3.1 Maintenance requirements 

Energy requirements for maintenance are 
calculated by using a basic requirement, 
which is then adjusted for several factors 
(Table 3.2). 

The basic NE maintenance require- 
ments are lowest for AFRC and CSIRO and 
highest for INRA and NRC. The first two 
systems are based on the results of the fast- 
ing metabolism studies of ARC (1980). The 
other two systems acknowledge that heat 
production under fasting conditions involves 
decreased metabolic rates for energy con- 


servation. For this reason, NRC adopted the 
extrapolated fasting metabolism values of 
Rattray et al. (1973). INRA based its 
requirements on values obtained by various 
techniques (INRA, 1978) (measurements 
taken after slaughtering, feeding trials, 
calorimetry studies and blood indicators). 
Recognizing that calorimetry studies gave 
lower values than those obtained with the 
other methods, an average of the reviewed 
measurements was adopted (INRA, 1978). 
Sheep maintenance energy requirements 
per kg of BW 0 75 with the INRA system are 
substantially lower than those used for cattle 
(INRA, 1988), or those proposed for goats 
(Morand-Fehr et al., 1987), as part of the 
INRA system. The higher values for goats 
compared with sheep were justified on the 


Table 3.2. Basic requirements and corrections applied to estimate maintenance energy requirements of adult sheep 
by four different feeding systems. 



AFRC 

CSIRO 

INRA 

NRC 

Basic requirements 

NE: kcal/kg BW 0 - 75 

51. 9 b 

60.3-51.9 (NEm) d 

56.1 

56 

k m or k, a 

0.643-0.748 

0.647-0.758 

0.563-0.637 

0.729 f 

ME: kcal/kg BW 0 - 75 

90.5-77.8 

93.2-79.6 to 80. 2-68. 5 d 

95 (99.6-88.1) 

76. 8 f 

Corrections 

Breed 

no 

no 

no 

no 

Age 

no 

1.0-0.84 (0-6 y) 

no 

no 

Grazing activity 

yes 

yes 

yes 

no 

Cold stress 

no 

yes 

no 

no 

Temperature 

no 

yes 

no 

no 

Rain 

no 

yes 

no 

no 

Cold nights, 

clear sky 

no 

yes 

no 

no 

Acclimatization 

no 

yes 

no 

no 

Elide depth 

no 

no 

no 

no 

Coat depth 

no 

yes 

no 

no 

Production 

no c 

0.09 MEI e 

no 

no 


a The range of k m (AFRC and CSIRO) or k, (INRA) is obtained considering q m ranging from 0.4 to 0.7, for AFRC and 
INRA and M/D ranging from 7.36 to 12.88 MJ of ME per kg of DM, assuming GE = 4.398 Mcal/kg. 
b For housed sheep an average activity allowance of 2.29 kcal/kg BW 1 is added. 

c Total ME requirements (maintenance, production, pregnancy, etc.) are multiplied by a correction factor [1+0.018 
(L— 1 )], where L is multiple of maintenance ME requirements, to account for the decrease in digestibility that occurs 
at feeding levels higher than 1 . 

d Variations related to the age of the animals; the range reported refers to cows from 1 (highest value) to 6 years old 
(the lowest); the requirement is highest for newborn lambs (62.1 kcal/kg BW 0 75 of NE) and minimum for sheep 6 
years old or older. 

e Multiplicative factor; MEI = daily intake of ME. 

1 The requirement of NEm here reported is explicitly given by NRC, even though its requirement tables do not adopt 
NEm but only ME; k m and ME values are an estimated average based on NRC tables. 


34 


A. Cannas 


Table 3.3. Energy cost of various physical activities. 


AFRC and CSIRO 

Activity 

NE cost per kg of BW 

Standing (vs. lying) (kcal/day) 

2.390 

Changing body position 

(2 movements: down and up) (kcal) 

0.062 

Walking (horizontal) (kcal/km) 

0.621 

Walking (vertical) (kcal/km) 

6.692 

AFRC only 

Housed lactating ewes (kcal/day) 

2.294 

Housed pregnant ewes (kcal/day) 

1.300 

Outdoor lowland ewes (kcal/day) 

2.557 

Hill-grazing ewes (kcal/day) 

5.712 

INRA 

Good-quality and abundant pasture 

increase NEm by 20% 

Mature and scarce pasture 

increase NEm by 30-60% 

Extensive, hilly pastures 

increase NEm by 70% 


basis that while sheep values were generally 
obtained on animals at maintenance feeding 
levels, those for goats were obtained on lac- 
tating animals (Morand-Fehr et al., 1987). 
These results are confirmed by the observa- 
tion, discussed later in more detail, that as 
feeding level increases, the weight of vis- 
ceral organs and their metabolic activity 
increases as well, with considerable effects 
on maintenance requirements. 

Basic ME requirements were more vari- 
able than NE requirements, due to the effect 
of the different efficiencies of conversion of 
NE to ME adopted, as later discussed 
(Section 3.3.4) (Table 3.1). The adjustment 
factors used to correct the basic mainte- 
nance requirements vary depending on the 
system (Table 3.2). 

None of these systems correct require- 
ments to account for possible breed differ- 
ences. Nevertheless, the variability among 
sheep breeds for morphology, genetic merit 
and productive attitude is probably as high 
as for cattle. Differences in maintenance 
requirements were observed among Italian 
dairy sheep breeds and even within breeds 
among groups of sheep of different genetic 
merit (Pilla et a/., 1993). 

The effect of age on maintenance 
requirements is considered only by the 
CSIRO system, which decreases the mainte- 
nance requirements from 60.3 to 51.9 kcal 


of NE per kg of BW 0 75 as the animal ages 
from 1 to 6 years. The AFRC and CSIRO 
systems estimate the cost of normal physical 
activity (rumination, normal movements 
such as walking or standing) by using the 
same energy requirements for movement 
originally proposed by ARC (1980), which 
are valid for all domestic ruminants (Table 
3.3). However, while the CSIRO system 
suggests that an allowance for normal phys- 
ical activity of non-grazing animals is inher- 
ent in the km used to convert NEm to MEm, 
AFRC does not include this cost in mainte- 
nance requirements. For this reason, it adds 
activity allowances to maintenance require- 
ments, in amounts that vary depending on 
the bodyweight (BW) of the sheep and mean 
physical activity. The INRA system does not 
include an activity allowance in the mainte- 
nance requirements (INRA, 1989). The 
NRC system does not specify whether or 
not normal activity allowances are included 
in its basic maintenance requirements. 

To account for activity during grazing, 
AFRC and CSIRO adopted ARC values 
(ARC, 1980), which are a function of the 
horizontal and vertical distance walked by 
the sheep while grazing (Table 3.3). These 
distances are quite difficult to estimate in 
practice. Therefore, AFRC also suggests 
average values for the most common situa- 
tions. For the same reason, INRA gives esti- 
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mates of activity requirements, expressed as 
a percentage of maintenance requirements, 
for the most common types of pastures 
(Table 3.3). NRC does not give any require- 
ments for grazing. 

Some of the systems adjust mainte- 
nance requirements to account for the 
effects of production. The CSIRO system 
increases maintenance requirements in pro- 
portion to the total daily ME intake (MEI) 
(Table 3.2), considering that the increase in 
feed intake associated with milk production 
or bodyweight gain triggers changes in both 
size and rate of metabolism of organs and 
tissues. Similar findings were reported by 
Ferrell (1988), Ortigues and Doreau (1995) 
and Ball et al. (1998). Graham (1982) (cited 
by CSIRO (1990)) maintained that because 
the effects of variations in feeding level on 
maintenance energy requirements occur 
slowly, they could not be detected by short- 
term calorimetric studies. The AFRC system 
suggests a correction of requirements in lac- 
tating animals as well. However, this correc- 
tion, also proposed for cattle and goats, 
aims to account for the reduction of 


digestibility that occurs at high feeding 
levels. Therefore, AFRC proposes an artifi- 
cial increase of the requirement to avoid 
modifications of the feed value of the 
diets. For this reason, this correction was 
not considered in the comparison. 
Maintenance ME requirements were esti- 
mated and compared for different BW and 
milk yields (Table 3.4). 

The estimates were made assuming a 
constant qm for all cases, even though qm is 
usually higher in high-producing animals, 
which are fed better diets. The comparison 
showed that the highest maintenance 
requirements were those calculated by NRC. 
However, these values, reported in note a of 
Table 3.4 and obtained from the NRC 
(1985) allowance tables, are much higher 
than those obtained using the maintenance 
requirements of Table 3.2, which were also 
given by NRC in the introduction. No clear 
reasons for this discrepancy could be found. 
INRA maintenance requirements were, in 
turn, higher than those of AFRC and 
CSIRO (Table 3.4). CSIRO maintenance 
requirements, as said before, increase quite 


Table 3.4. Energy requirements 3 for 4-year-old sheep in free stalls, which are 45 DIM and fed diets having a ratio: 
q m = ME/GE = 0.6. 




50 kg BW 



70 kg BW 


FCM b 

AFRC 


CSIRO 

INRA 

AFRC 


CSIRO 

INRA 

(kg/day) 

Total 

Total 

Maintenance 

Total 

Total 

Total 

Maintenance 

Total 

Meal of ME/day c 

0 

1.53 

1.57 

1.57 

1.79 

1.99 

2.01 

2.01 

2.30 

1 

3.22 

3.45 

1.74 

3.54 

3.67 

3.90 

2.19 

4.05 

2 

4.90 

5.33 

1.91 

5.29 

5.36 

5.78 

2.36 

5.80 

3 

6.59 

7.22 

2.08 

7.04 

7.05 

7.66 

2.53 

7.55 

Indexes 

0 

100 

103 

103 

117 

100 

101 

101 

116 

1 

210 

225 

114 

231 

184 

196 

110 

204 

2 

320 

348 

125 

346 

269 

290 

119 

291 

3 

431 

472 

136 

460 

354 

385 

127 

379 


3 Maintenance requirements (Meal of ME/day) from NRC (1985): 50 kg = 2.00; 70 kg = 2.40. These values, which 
include the requirements for 10 g/day of BWC, are much higher than those that can be estimated from the require- 
ments reported in Table 3.2. 

b 6.5% fat-corrected milk yield = milk yield x (0.3688 + 0.0971 x % fat) (Pulina etal., 1989). 
c Assuming NE of milk equal to 1 .030 Mcal/kg, qm equal to 0.6 and M/D equal to 1 1 041 MJ/kg of DM. The resultant 
values of k, and milk ME (Mcal/kg) used in this table are: 0.63 and 1.687 for AFRC; 0.621 and 1.712 for CSIRO; 
0.607 and 1.751 for INRA, respectively. 
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substantially as milk production, and there- 
fore MEI, increases (Table 3.4). 


3.3.2 Milk production requirements 

Both AFRC and CS1R0 estimate milk net 
energy cost of production by using an equa- 
tion developed from data obtained using 
wool breeds. This equation includes milk fat 
content and days in milk as predictors. 
1NRA uses an equation based on milk fat 
only, which was developed for dairy ewes. 
NRC gives only a fixed NE for milk, assum- 
ing 7.1% milk fat content. Moreover, it does 
not give information on the milk production 
and on the efficiency of conversion of NE 
for lactation to ME used to estimate total ME 
requirements in lactating sheep (Table 3.5). 
For all these reasons, NRC milk production 
requirements were not considered in Table 
3.4. 


Table 3.5. Equations proposed to estimate milk energy 
content or milk energy values. 


System Energy (Meal of NE/kg) 


AFRC 

0.0328 * BF + 0.0025 * 

DIM + 2.203 

CSIRO 

0.0328 * BF + 0.0025 * 

DIM + 2.203 

INRA 

(0.00588* FAT + 0.265) 

*1.7 

NRC 

1.100 (milk: 7.1% BF, ■ 

4.5% CP, 4.8% 


lactose) 



BF: butterfat content, g/kg; FAT: butterfat content, 
g/litre; DIM: number of days of lactation. 


The differences in ME requirements for 
milk production are due to the different effi- 
ciencies used to convert NE to ME (Tables 
3.1 and 3.4). Metabolizable energy require- 
ments per kg of milk are highest for INRA, 
intermediate for CSIRO and lowest for 
AFRC (note c, Table 3.4). 


3.3.3 Maintenance and milk production 
requirements 

Total requirements (sum of maintenance 
and milk production requirements) were 


quite similar between CSIRO and INRA and 
about 10% lower for AFRC (Table 3.4). The 
large differences found for maintenance 
requirements were in part diluted by milk 
production requirements (Table 3.4). 

3.3.4 Efficiency of conversion of NE to ME 

for maintenance and milk production 

The efficiencies of conversion of ME to NE 
vary depending on the type of requirements 
(Moe et ai, 1972; Moe, 1981) (Table 3.1) 
and on the system considered. AFRC, 
CSIRO and INRA use the same values for 
cattle and sheep. 

As stated before, AFRC and INRA esti- 
mate these efficiencies with equations that 
use the metabolizability (q m ) of the diet as 
the independent variable. CSIRO uses M/D, 
in order to account for the higher efficiency 
of ME utilization observed for high-quality 
diets (high q m and M/D) compared with low- 
quality ones (ARC, 1980). 

AFRC and CSIRO use separate equa- 
tions for maintenance and milk production 
(Table 3.1). Both systems adopt the ARC 
(1980) equation, originally developed by 
Blaxter and Boyne (1974) (cited by ARC, 
1980), for maintenance. More precisely, 
CSIRO suggests the use of either the Blaxter 
and Boyne equation or a rewritten form of 
that equation in which the independent vari- 
able is the M/D, assuming an average gross 
energy of 4.398 Mcal/kg of DM and a 
maintenance level of nutrition. Both AFRC 
and CSIRO use the ARC (1980) equation 
for milk production, although CSIRO pro- 
poses also a rewritten form using M/D as 
the independent variable. 

With the goal of using only one NE unit, 
INRA adopted an equation (Table 3.1), 
developed by Van Es (1975) (cited by INRA 
(1978)) for both maintenance and milk pro- 
duction but originally proposed only for milk 
production. This choice was justified by the 
similar slopes that k m and k, assume when 
related to q m . 

The NRC model does not clearly state 
which efficiency was used to convert NE for 
maintenance and for lactation to ME. In the 
case of k m , the value reported in Table 3.2 
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Fig. 3.1. Relationship between dietary metabolizability (q m = GE/ME) and efficiencies of conversion of NE 
for maintenance and lactation to ME in AFRC, CSIRO and INRA feeding systems. 


was extrapolated from NRC requirement 
tables. In the case of k ( , NRC reports values 
between 0.65 and 0.83. It was not possible 
to extrapolate the actual values used to com- 
pute ME requirements because, in the case 
of lactating ewes, the milk yield used to 
compute the requirements was not given. 

The comparison of the efficiency of uti- 
lization of ME for maintenance showed that 
AFRC and CSIRO estimated higher efficien- 
cies than INRA, which uses the same kj for 
maintenance as for lactation (Fig. 3.1). The 
difference between AFRC and CSIRO on 
one hand, and INRA on the other hand, 
ranged between 0.08 and 0.12 units of effi- 
ciency. A comparison of the efficiencies 
used for milk production showed that the 
differences among systems were much 
smaller than those found for maintenance 
(Fig. 3.1). 

On the basis of the ratio between main- 
tenance requirements and total require- 
ments, it was possible to calculate weighted 
efficiencies of these two functions (Fig. 3.2). 
Their comparison showed that the AFRC 
and CSIRO systems convert similarly. Their 
weighted efficiencies decrease, when q m is 


kept constant, as milk production increases. 
Indeed, k m becomes less important as milk 
yield increases. The INRA system assumes 
constant efficiency, at equal q m , regardless 
of milk yield. The difference in weighted effi- 
ciency of conversion of ME to NE between 
AFRC and CSIRO on one hand, and INRA 
on the other hand, ranged between 0.04 
and 0.06 units depending on the milk yield 
considered. 


3.3.5 Cold-stress requirements 

Cold stress, in general, causes an increase in 
energy maintenance requirements, but 
AFRC, INRA and NRC do not use any 
adjustment for cold. In contrast, CSIRO 
developed a complex set of equations to 
account for many environmental factors 
(temperature, wind, rain, cold nights and 
clear sky, radiant heat losses), for energy 
intake, and for animal factors (body weight 
and surface, wool, acclimatization). The 
same set of equations, with small modifica- 
tions, was used to estimate the requirements 
of cold-stressed cattle (CSIRO, 1990). 
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Fig. 3.2. Relationship between milk production and weighted efficiencies of conversion of NE to ME in 
AFRC, CSIRO, and INRA feeding systems, considering the requirements of 60 kg sheep calculated in Table 
3.4. AFRC and CSIRO use different values for maintenance and milk production, while INRA uses the same 
efficiency (k|) for both. For AFRC and CSIRO systems the efficiency for maintenance and milk production 
were weighted based on the relative contribution to total requirements of ME requirements for mainte- 
nance and milk production. 


The effect of cold stress on mainte- 
nance requirements was simulated by con- 
sidering the effect of wind, rain, 
temperature, wool thickness and physiolog- 
ical stage on sheep of 50 kg BW (Table 

3.6) . The results of this simulation showed 
that lactating animals were less affected by 
cold stress than were dry animals. This is 
because the high energy intake necessary 
for sustaining milk production increases the 
heat produced by the body and by the 
rumen, which consequently alleviates the 
effects of cold stress. 

Wool thickness is also very important in 
reducing the effects of cold stress (Table 

3.6) , because of its thermoinsulating prop- 
erties. However, wind or rain can markedly 
reduce its protective action. In the simula- 
tion, the combined effects of all these fac- 
tors increased maintenance requirements by 
up to threefold. These effects were much 
higher than those found in a similar simula- 
tion with dairy cows (Cannas, 2000). 
Indeed, since small animals have a higher 
body surface per kg of BW than do large 


animals, they disperse more heat (Blaxter, 
1977; CSIRO, 1990). Even though sheep 
wool is a much better insulator than cattle 
hair, its additional insulation is less than the 
effects of body size. 


3.3.6 Heat-stress requirements 

None of the systems for sheep considers 
requirements for heat stress. Only the 
Cornell Net Carbohydrate and Protein 
System for cattle includes a sub-model 
to predict the extra energy requirements 
associated with heat stress (Fox et al., 
2004). 


3.3.7 Pregnancy requirements 

Pregnancy energy requirements are calcu- 
lated by using different approaches. AFRC 
and CSIRO use the same approach and pro- 
vide very similar equations: firstly they cal- 
culate the total energy content of the gravid 
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Table 3.6. Effect of coat depth, wind, rainfall and current mean daily (24 h) temperature on cold-stress requirements 
of 50 kg adult ewes. 


25 mm coat 50 mm coat 


Wind (km/h) 
Rainfall (mm/day) 

0 

calm 

30 

0 

30 

30 

0 

calm 

30 

0 

30 

30 

Adult, dry 

Temp. +5°C 

115 

134 

234 

247 

100 

103 

183 

195 

Temp. 0°C 

129 

149 

267 

280 

100 

114 

208 

220 

Temp. -5°C 

144 

164 

300 

313 

109 

124 

233 

245 

Adult, lactating 

Temp. +5°C 

100 

100 

125 

133 

100 

100 

107 

114 

Temp. 0°C 

100 

100 

137 

145 

100 

100 

116 

123 

Temp. -5°C 

100 

104 

149 

157 

100 

100 

125 

132 


MEI sufficient to satisfy in thermoneutral conditions (15-20°C) the maintenance requirements of dry ewes and the 
maintenance and milk production requirements of lactating ewes producing 1.5 kg of milk/day with 6.5% fat. Total 
maintenance requirements are expressed as index, with maintenance requirements in thermoneutral condition equal 
to 100. 


uterus using the ARC (1980) Gompertz 
model, which uses lamb birthweight and day 
of pregnancy as variables. As stated by 
CSIRO, these equations do not take into 
account the costs associated with mammary 
gland growth and colostrum secretion, 
which occur in the last days of pregnancy. 
Both AFRC and CSIRO use the same equa- 
tions, with different coefficients, for the 
pregnancy requirements of both sheep and 
cattle. A simpler approach is used by the 
other systems. Taking pregnancy into 
account, the INRA system adjusts the 
requirements only in the last 8 weeks of 
pregnancy. These requirements are adjusted 


every 2 weeks and are a function of 
total lamb weight at birth. Similarly, 
NRC increases energy requirements for 
the last 6 weeks of pregnancy in amounts 
that vary depending on the stage of preg- 
nancy and on the expected weight at 
lambing. 

All systems use very low efficiencies to 
convert ME to NE for pregnancy, with val- 
ues ranging from 0.133 (AFRC and CSIRO) 
to 0.17 (NRC). These values have been 
obtained either by calorimetric studies or by 
slaughtering trials and varied very little, 
regardless of the method used (INRA, 
1978). The low efficiency of utilization of 


Table 3.7. Pregnancy energy and protein requirements for ewes producing a 4.0 kg lamb. 



AFRC 

CSIRO 

INRA 

NRC 

Requirements at the 147th 





day of pregnancy 
NE (Mcal/day) 

0.167 

0.167 

0.176 

0.208 

ME (Mcal/day) 

1.255 

1.284 

1.304 

1.224 

NP (g/day) 

23 

23 

23 

17 

MP (g/day) 

Total requirements for a 

27 

33 

55 

26 

147-day pregnancy 
NE (Meal) 

5.9 

5.9 

6.0 

7.3 

ME (Meal) 

44.4 

45.4 

41.6 

43.1 

NP (g) 

830 

830 

756 

820 

MP(g) 

977 

1186 

1800 

1242 
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Fig. 3.3. Net energy requirements for pregnancy, assuming lambs weigh 4 kg at birth. 


ME is somehow surprising when these val- 
ues are compared with those used for other 
physiological functions (Table 3.1). 
However, this depends on the method of 
calculation used, because all energy costs of 
pregnancy (growth and maintenance of the 
uterus, maintenance of the fetus, increased 
maternal metabolism) are expressed as a 
function of conceptus growth. 


Pregnancy requirements were com- 
pared assuming that ewes deliver a 4 kg 
lamb at birth (Table 3.7 and Figs 3.3 and 
3.4). The NE and ME energy requirements 
of pregnancy were very similar among sys- 
tems for both the last day of pregnancy and 
a complete pregnancy (Table 3.7), despite 
the fact that the shape of the energy 
requirement curve (curvilinear or stepwise) 



Fig. 3.4. Metabolizable energy requirements for pregnancy, assuming lambs weigh 4 kg at birth. 
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and the length of the period differed among 
systems. These results are in contrast to a 
comparison made with pregnant cows 
(Cannas, 2000), which showed large differ- 
ences in energy requirements for preg- 
nancy, especially for NE, among systems 
both on the last day of pregnancy and over 
the complete pregnancy. This was mostly 
an effect of the very high efficiency of con- 
version of ME to NE adopted by NRC 
(1988) and INRA (1989) for cattle. 


3.3.8 Bodyweight changes 

In sheep, after the first lactation, the require- 
ments for growth are very low, and almost 
all bodyweight change (BWC) is due to vari- 


ations in either gut contents or body 
reserves (i.e. fat, protein and water). 

The AFRC and INRA systems consider 
a fixed net energy value for each kg of body 
tissue mobilized or accumulated by mature 
animals (Table 3.8). For growing ewes, the 
CSIRO model devised growth curves that 
allow the estimation of the energy content 
and composition of bodyweight gain, 
depending on the ratio between actual BW 
and mature size BW and on the rate of gain 
achieved during growth. However, in 
mature animals, these factors become mar- 
ginal and body composition can be consid- 
ered equal for all sheep having the same 
degree of fatness. Despite the different 
approaches considered, AFRC and CSIRO 
use very similar NE values for BWC (Table 


Table 3.8. Energy and protein variations and efficiencies associated with bodyweight changes in mature sheep. 



AFRC 

CSIRO 

INRA 

NRC 

Loss 





Energy from body reserves 
(Meal NE/kg BW loss) 

5.700 

5.827 

3.800 

ng 

Efficiency of conversion of NE 
from BW loss to NEL 

0.84 

0.84 

0.80 

ng 

NEL for milk production from BW loss 
(Mcal/kg BW loss) 

4.788 

4.895 

3.040 

ng 

Milk from BW loss 
(kg of milk/kg BW loss) 3 

4.50 

4.60 

2.86 

ng 

Protein from body reserves 
(g of NP/kg BW loss) 

119 

70 

ng 

ng 

Protein from body reserves 
(g of MP/kg BW loss) 

119 

100 c 

ng 

ng 

Body protein used for 
milk protein production 
Gain 

ng 

80% of NP 

ng 

ng 

Energy required for body reserves 
(Meal NE/kg BW gain) 

5.700 

5.827 

9.200 

ng 

Energy required for body reserves 
(Meal ME/kg BW gain) 

9.516 

9.712 

15.157 

ng 

Efficiency of conversion of NE to ME 
for BW gain in lactation 11 

0.599 

0.600 

0.607 

ng 

Protein required for body reserves 
(g of NP/kg BW gain) 

83 

70 

ng 

ng 

Protein required for body reserves 
(g of MP/kg BW gain) 

140 

100 

220 

ng 


ng, not given. 

a Assuming 1 .063 Meal of NE for 1 kg of milk with 6.5% fat. 

b 0.95 k, for AFRC and k, for INRA; values estimated assuming q m =0.6 or M/D equal to 11.041 MJ/kg of DM. 
c This should not be considered a protein supply in non-lactating ewes (CSIRO, 1990). 
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3.8). In contrast, INRA uses a much lower 
NE value for BW loss and a much higher NE 
value for BW gain than the two other sys- 
tems. When the deuterium oxide method 
was used to measure body energy content, 
the fat concentration of gain (90% lipid) was 
much higher than the fat concentration of 
loss (50% fat) (Theriez et al., 1987). In its 
requirement tables, NRC reported BWC but 
did not give sufficient information to sepa- 
rate the cost of fluctuation in reserves from 
the other requirements. The NE content of 
BWC is about 25% higher for either loss or 
gain for sheep than for cattle, in the AFRC 
system. 

In the CSIRO method, the NE content 
of BWC for cattle varies depending on the 
animal’s BW and body condition score 
(BCS), while for sheep a fixed mean value is 
given. The INRA system for cattle uses a 
single value for the NE content of BWC, 
while for sheep much lower values are pro- 
posed for live weight losses than for live- 
weight gains. 

The CSIRO and INRA models quantify 
body reserve changes also in terms of 
BCS systems, using a 0-5 scale. In the 
INRA system each change in BCS reflects 
a 13% change in BW, while in the CSIRO 
system the standard reference weight 
changes by 15%. Compared with the 
approaches used for sheep, the BCS 
systems adopted for cattle by CSIRO and 
Cornell Net Carbohydrate Protein System 
(CNCPS) (Fox et al . , 2004) are much more 
complex, because the energy associated 
with each BCS varies depending on the 
BCS considered and on the BW of the 
animals. The author of the CSIRO pub- 
lication recognized that their sheep BCS 
system did not account for differences in 
composition of body reserves but felt the 
sheep data were insufficient to make the 
same adjustments as for cattle. Another 
aspect to consider relates to breed differ- 
ences. Indeed, the comparison of Sarda and 
Lacaune sheep, the two most common 
dairy breeds, showed that at BCS 2 Sarda 
sheep had large amounts of visceral fat, 
while this occurred at BCS 3 in Lacaune 
sheep (Ronchi et al., 1993). These differ- 
ences cannot be explained simply in terms 


of body size, but none of the systems con- 
sider the effects of breed on body composi- 
tion. 


3.4 Protein Requirements 

The AFRC, CSIRO and INRA systems 
express protein requirements as metaboliz- 
able protein (MP), i.e. the feed or bacterial 
protein absorbed by the small intestine. The 
intestinal digestibility of feeds and microbial 
proteins is considered in terms of truly 
digested protein by AFRC and INRA and in 
terms of apparently digested protein by 
CSIRO. INRA calls metabolizable protein 
PDI (proteines digestibles dans l'intestin), 
CSIRO calls it ADPLS (apparently digestible 
protein leaving the stomach) and AFRC calls 
it MP. In contrast, NRC expresses require- 
ments in terms of CP, assuming that net 
protein (NP) is equal to 0.561 CP. This 
value was obtained assuming a true protein 
digestibility equal to 0.85 and a biological 
value of CP equal to 0.66. This last coeffi- 
cient can be used to estimate NRC require- 
ments in terms of MP, even though the 
NRC system does not partition the nitrogen 
absorbed by the intestine into true protein 
and non-protein nitrogen. Because of this 
difference, the estimates obtained in this 
way are not fully comparable with those of 
the other systems. 

The AFRC, CSIRO and NRC systems 
based their calculation of total requirements 
on a factorial approach, in which the differ- 
ent protein losses and the efficiencies of 
conversion of NP to MP are calculated inde- 
pendently and then added to obtain total 
requirements. The INRA system did not use 
this approach, but instead established its 
requirements on the basis of the results of 
feeding trials (carried out by INRA or taken 
from the literature) comparing each impor- 
tant physiological function. 


3.4.1 Maintenance requirements 

All systems recognize that minimum mainte- 
nance NP requirements are represented by 
the quantity of the endogenous protein lost 
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Table 3.9. Maintenance and milk production metabolizable protein (MP) requirements. 



AFRC 3 

CSIRO 

INRA 

NRC 

Maintenance 

Wool (g/day) 

CW 0.8 /0.26 

CW/0.6 

0.0492 GF BW O 75 /0.41 

3.81 /0.66 b 

UEP (g/day) 
FEP (g/day) 
Total (g/day) 

2.1875 BW°- 75 /1 

(0.147 BW+ 3.375)/0.7 
15.2 DM 1/0.7 

0.828 BW 0 75 /0.41 c 

(0.147 BW+ 3.375)/0.66 
33.44 DM 1/0.66 

Milk production 

MP (g/day) 

TP/0.68 

TP/0.7 

TP/0.59 

TP/0.66 


UEP, urinary endogenous protein; FEP, faecal endogenous protein; CW, clean wool (g produced per day); TP, milk 
true protein (g/day); DMI, dry matter intake (kg/day); GF, greasy fleece (kg/year). 
a AFRC uses a single unit (called total endogenous nitrogen, TEN) that accounts for both UEP and FEP. 
b Assuming an annual greasy fleece production of 4 kg; a dermal loss equal to 0.1125 BW 075 should be added to 
wool requirements. 

c Does not include any requirements to produce wool. 


from dermal tissues (scurf and wool), in 
urine (urinary endogenous protein, UEP) 
and in faeces (faecal endogenous protein, 
FEP). However, the approach used to esti- 
mate maintenance protein requirements is 
quite different depending on the system 
considered (Table 3.9). 

The AFRC system adopted the ARC 
(1984) approach, which partitions mainten- 
ance protein requirements into wool losses 
and total endogenous nitrogen, which, in 
turn, includes UEP and FEP. These require- 
ments are used for all levels of feeding and 
only vary depending on wool production 
and BW 0 - 75 . 

The INRA model adopts the INRA 
(1978) method, in which protein mainten- 
ance requirements include a single compo- 
nent, proportional to BW 0,75 and thus valid 
for all feeding levels. These requirements 
were based on the results of nitrogen bal- 
ance trials, carried out in animals fed at 
near-maintenance levels. Requirements for 
wool growth were added to the mainten- 
ance requirement. This relatively simple 
approach was adopted because the French 
scientists were unsure of their estimates of 
FEP and of the conversion of FEP to MP. 

The NRC and CSIRO systems use the 
same equation to estimate UEP losses, 
which are directly proportional to BW. In 
the NRC system, FEP losses are assumed to 
equal 33.4 gAg of DMI. 

This value is the intercept of the linear 


equation obtained by regressing digestible 
protein on intake protein. On the basis of 
this estimate, NRC expresses FEP require- 
ments as a proportion of DMI. In the 
CSIRO system, based on Nolan’s data 
(cited by CSIRO (1990)), the true endo- 
genous protein losses were equal to 15.2 
gAg DMI, about half of the value used 
by NRC. The remaining fraction of FEP is 
considered to be of exogenous origin and 
is thus not included in the require- 
ments. 

The efficiencies used to convert NP to 
MP vary considerably between systems 
(Table 3.9), ranging from 0.26 to 1.0 
depending on the system and on the physi- 
ological function considered. Despite their 
large effect on MP requirements, the origin 
of these coefficients is often unclear. 

The comparison between systems of 
the maintenance requirements (Table 3.10) 
was done by simulating conditions similar to 
those used for the comparison of the energy 
requirements. Wool requirements were not 
included in this comparison. To estimate 
FEP using the CSIRO system, it was neces- 
sary to estimate DMI. This was done using 
intake prediction equations developed by 
Pulina et al. (1996) for dairy sheep. The MP 
maintenance requirements were similar for 
the AFRC, CSIRO and INRA systems (Table 
3.10). The NRC values were more than 
twice those predicted by the other systems. 
This was the result of the very high FEP 
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Table 3.10. Metabolizable protein requirements for adult sheep, expressed as g/day and relative to the AFRC require- 
ment for dry sheep, which was set at 100. MP requirements for wool production were not included. 


50 kg BW 70 kg BW 

5% true protein 

milk AFRC CSIRO 3 INRA NRC a AFRC CSIRO b INRA NRC b 

(kg/day) Total Total Maint. Total Total Maint. Total Total Maint. Total Total Maint. 


g/day of MP C 


0 

41 

41 

41 

38 

95 

95 

53 

52 

52 

49 

97 

97 

1 

115 

126 

54 

123 

191 

115 

126 

137 

65 

134 

203 

127 

2 

188 

210 

67 

207 

288 

136 

200 

221 

78 

218 

309 

158 

3 

262 

295 

80 

292 

381 

154 

274 

305 

91 

303 

415 

188 

Indexes 

0 

100 

100 

100 

93 

232 

232 

100 

98 

98 

92 

183 

183 

1 

280 

307 

132 

300 

466 

280 

238 

258 

123 

253 

383 

240 

2 

459 

512 

163 

505 

702 

332 

377 

417 

147 

411 

583 

298 

3 

639 

720 

195 

712 

929 

376 

517 

575 

172 

572 

783 

355 


a Based on the hypothesis that DMI is equal to 1.2, 1.8, 2.4 and 3.0 kg/day for dry ewes or lactating ewes producing 
1, 2 and 3 kg/day of milk, respectively. 

b Based on the hypothesis that DMI is equal to 1 .5, 2.1 , 2.7 and 3.3 kg/day for dry ewes or lactating ewes producing 
1, 2 and 3 kg/day of milk, respectively. 

c MP requirements to produce 1 kg of milk with 5% true protein: 74 g for AFRC; 71 g for CSIRO, 85 g for INRA and 
76 g for NRC. 


level predicted by this system. Although the 
CSIRO and NRC methods agree on the 
amount of metabolic faecal nitrogen pro- 
duced per kg of DMI, there is considerable 
disagreement on how much of it should be 
considered truly endogenous. 


3.4.2 Milk production requirements 

In all systems, NP requirements for milk pro- 
duction are equal to the amount of true pro- 
tein contained in the milk. However, the 
efficiency of conversion of MP to NP varies 
with the system considered (Table 3.9), 
ranging from 0.59 (INRA) to 0.70 (CSIRO). 
This variation is responsible for the differ- 
ences observed in MP requirements for milk 
production, which ranked: INRA > NRC > 
AFRC > CSIRO (Note c, Table 3.10). 


3.4.3 Maintenance and milk production 
requirements 

Total MP requirements (maintenance + milk 
production) were by far the highest with the 
NRC system, lowest with the AFRC system 


and intermediate with the CSIRO and INRA 
systems, which, despite the different 
approaches used, gave similar estimates 
(Table 3.10). 


3.4.4 Pregnancy requirements 

As was the case with energy requirements 
for pregnancy, the pregnancy requirements 
for protein are calculated using different 
approaches. 

Similar to the energy requirements, 
AFRC and CSIRO use the ARC (1980) 
Gompertz model for estimation of the total 
protein content of the gravid uterus, using 
lamb birthweight and day of pregnancy as 
variables. A simpler approach is used by the 
other systems. The INRA system considers 
pregnancy requirements to be important in 
the last 8 weeks of pregnancy. During this 
period, INRA suggests that NP requirements 
in pregnancy should be varied every 2 
weeks based only on the expected litter 
weight at birth. NRC considers only two 
stages of pregnancy: early pregnancy and 
the last 4 weeks, suggesting that NP sup- 
plies vary depending on expected weight at 
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Fig. 3.5. Net protein requirements for pregnancy, assuming lambs weigh 4 kg at birth. 


birth. NP requirements are converted to MP 
requirements with coefficients that range 
from 0.41 (INRA) to 0.85 (CSIRO). 

Pregnancy requirements were com- 
pared using a 4 kg lamb at birth. The com- 
parison showed that NP requirements of 
AFRC and CSIRO systems were identical 
(Table 3.7 and Fig. 3.5). However, due to 
the different coefficients used to convert NP 
to MP, MP requirements differed between 
AFRC and CSIRO (Table 3.7 and Fig. 3.6). 
The NP requirements of the INRA system 
were close to those of AFRC and CSIRO, 
but much higher than any other system 
when expressed in terms of MP, because of 
the low efficiency coefficient adopted (Table 
3.7 and Fig. 3.6). Despite the different 
approaches used, NP and MP pregnancy 
requirements of NRC were fairly close to the 
estimates of AFRC and CSIRO. 


3.4.5 Bodyweight changes 

During lactation, changes in body fat 
reserves are accompanied by changes in 
protein reserves (Table 3.8). The AFRC 
model adopts the ARC (1980) value of 119 


g of NP/kg BWC. No information is given 
on the efficiency of utilization of mobilized 
protein for milk production or for any other 
use. In the case of dairy cows, AFRC con- 
sidered this efficiency equal to that occurring 
for any other MP source. 

The CSIRO system adopts a value of 
70 g of NP/kg of BWC for both BW gain 
and loss. The proposed efficiency of utiliza- 
tion of the protein mobilized for milk protein 
synthesis is equal to 0.8 NP. The INRA 
model gives only the MP requirements for 
BW gain. This requirement is much higher 
than those proposed by AFRC and CSIRO. 
The NRC system does not discuss this sub- 
ject. 


3.5 Concluding Remarks on the Systems 
Compared 

Due to the direct connection between 
requirement estimation and supply of nutri- 
ents, the comparison between feeding sys- 
tems here described does not allow 
conclusions to be drawn on the accuracy of 
the requirements predicted. Nevertheless, it 
highlighted many differences in the 
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105 112 119 126 

Days of pregnancy 


147 


Fig. 3.6. Metabolizable protein requirements for pregnancy, assuming lambs weigh 4 kg at birth. 


approaches used and in the estimates given. 

The NRC system, probably reflecting 
the extensive range systems which encom- 
pass most sheep production in the USA, 
accounts for very few variables and does not 
include some important variables, such as 
milk production and liveweight changes. 
Moreover, the information on maintenance 
energy requirements given in the text con- 
trasts with the allowances reported in the 
tables. These limitations are somehow coun- 
terbalanced by its ease of use. The most 
striking aspect of the NRC predictions was 
that the MP required for maintenance was 
almost twice as high as that of any other sys- 
tem. 

The AFRC and CSIRO systems have 
many similarities, because they based many 
of their requirements on the ARC (1980) 
systems. Pregnancy requirements and 
energy efficiencies, in particular, are identi- 
cal. The estimates made by AFRC on total 
requirements for milk production are the 
lowest of the systems considered, for both 
energy and protein. 

The CSIRO system accounts for many 
more variables than the AFRC system. The 
submodels on maintenance energy and pro- 


tein requirements account for many vari- 
ables not considered by the other systems. 
The use of maintenance energy and protein 
requirements that vary with feeding level, 
the use of a standard reference weight for 
estimating body composition, and, above 
all, the introduction of submodels that 
account for many variables related to the 
effects of cold stress are very innovative. 

The INRA system is the only one specif- 
ically developed for dairy ewes. Compared 
with CSIRO, it is based on a simpler 
approach and considers fewer variables in 
most of the submodels. It does not account 
for cold stress, which may have dramatic 
effects on the requirements of sheep. Even 
though it does not consider the effect of 
feeding level on maintenance requirements, 
its estimates of total requirements for milk 
production are similar to those of CSIRO. 
This suggests that the underestimation of 
feed required, attributed to INRA in the 
introduction, is mostly due to an overestima- 
tion of feed values, or that both CSIRO and 
INRA underestimate energy requirements. 

The AFRC and INRA systems seem to 
have used similar levels of aggregation and 
flexibility in their cattle and sheep require- 
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ment systems, even though most of the 
equations and values used for sheep are dif- 
ferent from those used for cattle. A very 
important and unique characteristic of the 
CSIRO system is that most of its equations 
were developed for use in both cattle and 
sheep, differing only in the coefficients used 
or, sometimes, not differing at all. This rec- 
onciles the necessity of providing estimates 
of requirements with biology. With greater 
application than previously utilized, many of 
the differences between sheep and cattle 
can be explained using appropriate scaling 
factors. 


3.6 New Feeding Systems for Sheep 

Two new feeding systems for sheep have 
recently been published (Cannas, 2001; 
Cannas et al., 2004). These feeding sys- 
tems basically use the same set of equations 
for predicting energy and protein require- 
ments but adopt two different approaches to 
predict dietary nutrient supply. The first sys- 
tem (Cannas, 2001), called ROC 3, predicts 
feed energy and protein value by using a 
modified version of the discount system of 
Van Soest and Fox (1992). The second sys- 
tem (Cannas et al., 2004), called CNCPS 
Sheep, predicts ruminal function and feed 
value with a modified version of the Cornell 
Net Carbohydrate and Protein System 
(CNCPS) for cattle (Fox et al., 2004). 

In both systems, the energy and protein 
requirement submodels were obtained by 
integrating equations derived from the ARC 
(1980), the INRA (1989) and the CSIRO 
(1990) systems for sheep, and from the 
CNCPS (Fox et al., 2004) system for cattle. 
New equations were developed for the pre- 
diction of body reserves in adult sheep. Some 
details of the CNCPS Sheep energy and pro- 
tein requirements submodel are given below. 

ME requirements were developed for 
sheep primarily from equations of the ARC 
(1980) and CSIRO (1990) systems. In the 
CNCPS Sheep, energy requirements for 
basal metabolism are adjusted for age, gen- 
der, physiological state, environmental 
effects, physical activity, cost of urea excre- 
tion, acclimatization and cold stress in order 


to estimate total ME requirements for main- 
tenance. ME requirements for milk produc- 
tion are estimated from milk NE, based on 
measured milk yield, fat and true protein 
(Pulina et al., 1989). NE is converted to ME 
with an efficiency of 0.644. Pregnancy ME 
requirements are estimated using ARC 
(1980) and CSIRO (1990) equations. 
Maintenance MP requirement is calculated 
as the sum of wool, urinary and faecal 
endogenous protein losses, following the 
CSIRO (1990) model. MP requirement for 
milk production is predicted from measured 
milk yield and its true protein content. The 
coefficient for conversion of MP to NP 
(0.58) is that suggested for sheep by the 
INRA system (INRA, 1987). Protein require- 
ments for pregnancy are calculated using 
the recommendations of ARC (1980) and 
CSIRO (1990). The energy available for 
growth (young sheep) or for body reserves 
changes (mature ewes or rams) depends on 
the energy balance after maintenance, lacta- 
tion and pregnancy requirements are satis- 
fied. The same approach is used for MP 
available for growth or for body reserves 
changes. 

The CSIRO (1990) growth model is 
used to predict ME and MP requirements for 
growth of lambs. New equations were devel- 
oped for estimating the relationships 
between body condition score (BCS, 0-5 
scale), full BW (FBW) and body composition 
in adult sheep. A model that predicts the 
relationship between FBW and BCS in vari- 
ous sheep breeds was developed. It allows 
the prediction of current FBW when BCS 
and breed mature weight at BCS 2.5 
(FBW@BCS 2.5) are known inputs, or the 
prediction of FBW@BCS 2.5 when current 
BCS and FBW are known. The relationship 
between the proportion of fat in the empty 
body (AF) and BCS was predicted with the 
equation of Russel et al. (1969). The rela- 
tionship between the proportion of protein 
in the empty body (AP) and BCS was 
estimated assuming that the ratio AF:AP 
for various BCS reported by Fox et al., 
(2004) for cattle is also valid in sheep. This 
model was evaluated from published experi- 
ments with sheep of diverse body sizes and 
physiological stages, fed diverse diets at 
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various levels of nutrition (Cannas et al., 
2004). 

Even though integrated information 
was derived from different classic feeding 
systems, the submodels used to predict 
energy and protein requirements by the 
CNCPS Sheep (Cannas et al., 2004) and 
the ROC 3 system (Cannas, 2001) were 
mainly influenced by the CSIRO (1990) sys- 
tem. Compared with this system, they 
adopted a more complete and mechanistic 
body reserve model for adult sheep and are 


able to account for the effect of mature size 
on the cost of body reserve variation. In 
addition, the CNCPS Sheep is able to pre- 
dict the effect of urea excretion on energy 
requirements. However, the main differ- 
ences between these two feeding systems 
and the previous ones are related to the 
approach used in predicting nutrient supply. 
Indeed, the newest feeding systems account 
for the effect of feeding level on feed 
digestibility and value. The CNCPS Sheep 
also includes a mechanistic rumen model. 
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4.1 Dietary Intake of Minerals 

4.1.1 Classification 

The cell may contain traces of all the ele- 
ments present in its surrounding environ- 
ment, although only 25 elements of the 
periodic table are considered to be indispen- 
sable for life (Table 4.1). Of these, 11 are 
known as plastic elements, or macro-con- 
stituents, because of the amounts in which 
they are present. The other 14 elements are 
also indispensable for life but they are pres- 
ent only in small quantities and are thus 
called micro-constituents, or trace elements; 
they have no structural function but are irre- 
placeable cofactors in biologically active 
molecules. 

In the field of animal husbandry, a fur- 
ther classification may be made on the basis 
of the amounts required in the rations. 
Excluding those elements which are part of 
the organic compounds of cells and are not 
found in the free elementary state 
(H,C,0,N), the elements may be classified as 
macronutrients (> 100 ppm) and micronu- 
trients, or trace minerals (<100 ppm). 

Since animals are unable to synthesize 
mineral elements, their diet has to be sup- 
plemented with adequate amounts to meet 
their nutritional needs. The importance of 
the minerals is not based on their concen- 
trations within the animal body but stems 
from the biological function they are 
involved in. Micronutrients enter biologically 


active molecules, such as enzymes, enzyme 
cofactors, vitamins, hormones, etc., which 
play essential roles in the regulation and 
control of metabolic pathways and in the 
synthesis of molecules which may result in 
disease in the case of micronutrient defi- 
ciency. Some major mineral elements, such 
as Ca and P, have biological as well as struc- 
tural functions. Ca and P are mostly con- 
centrated in bones and teeth, Ca being a 
regulatory factor of cell permeability and 
neuromuscular excitability, while P is 
involved in energy transport. 

4.1.2 Macronutrient content in the main 
natural feed supplements 

In most circumstances, the feeds and for- 
ages consumed in feed rations provide all 
the necessary mineral nutrients to cover 
nutritional needs. Minerals are introduced in 
the diets of animals at peak productivity by 
applying mineral supplementation, or by 
using integrated commercial feeds specifi- 
cally formulated for each physiological 
stage. Often though, particularly in grazing 
sheep and goats not yet at peak productivity 
level, a slight correction in the mineral con- 
tent of their feed, with the addition of salts 
containing one or two of the main elements 
(i.e. Ca and P), is sufficient. 

There are mineral salts with a high nat- 
ural content of certain elements, and appro- 
priate dosages of these contribute to a good 
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Table 4.1. Macro- 

and micro-constituents of living matter (Bortolami etal., 1985). 

Element 

% 

Symbol 

Atomic 

number 

Main recognized functions 

Macro-constituents 

Hydrogen 

9.80 

H 

1 

Basic building blocks of cells 

Carbon 

21.15 

C 

6 

Basic building blocks of cells 

Nitrogen 

3.10 

N 

7 

Basic building blocks of cells 

Oxygen 

62.43 

0 

8 

Basic building blocks of cells 

Sodium 

0.08 

Na 

11 

Involved in action potentials 
and acid-base balance 

Magnesium 

0.04 

Mg 

12 

Cofactor of numerous enzymes 

Phosphorus 

0.95 

P 

15 

Energy transport/bone constituent 

Sulphur 

0.16 

S 

16 

Structure of proteins and 
sulphur amino acids 

Chlorine 

0.08 

Cl 

17 

Biological anion; counter-ion 
for Na and K 

Potassium 

0.23 

K 

19 

Membrane potential cation 

Calcium 

1.65 

Ca 

20 

Enzyme cofactor; regulates muscle 
contraction; membrane constituent; 
main constituent of bone 

Micro-constituents 

Iron 

0.005 

Fe 

26 

Cofactor of numerous oxidative enzymes 

Zinc 

0.0025 

Zn 

30 

Cofactor of numerous enzymes 

Copper 

0.0004 

Cu 

29 

Cofactor of numerous oxidative enzymes 

Manganese 

0.00005 

Mn 

25 

Activator of numerous enzymes 
(arginase, peptidases) 

Iodine 

0.00005 

1 

53 

Indispensable for T2 and T3 synthesis 

Bromide 

0.002 

Br 

35 

Action unclear 

Fluorine 

0.009 

F 

9 

Protects dental enamel 

Cobait 

traces 

Co 

27 

Constituent of cyanocobalamin, or vitamin B 12 

Molybdenum 

traces 

Mo 

42 

Cofactor of some enzymes 

Selenium 

traces 

Se 

34 

Constituent of vitamin E 

Nickel 

traces 

Ni 

28 

Action unclear 

Vanadium 

traces 

V 

23 

Action unclear 

Tin 

traces 

Sn 

50 

Action unclear 

Silicon 

traces 

Si 

14 

Action unclear 


mineral balance in the feed. Tables 4.2, 4.3 
and 4.4 show the most commonly utilized 
salts that supply the main macronutrients. 

4.1 .3 Dietary needs and factors involved in 
meeting those needs 

Tables 4.5 and 4.6 show the requirements 
for macro- and micronutrients, expressed as 
% of dry matter (DM). In practice, it is 
extremely difficult to balance the real needs 
of animals by providing such elements. On 
the one hand, needs vary depending on fac- 
tors such as the individual animal, the envi- 


ronment and the feed rations (Fig. 4.1); on 
the other, the exact chemical composition 
of feeds available to formulate a diet is not 
always known, therefore the amount of 
actual nutrients provided is also unclear. 

As far as factors linked to the animals 
are concerned, the following points must be 
taken into account: 

• Age - it is well known that young grow- 
ing animals absorb high quantities of min- 
erals, both for tissue formation and for 
skeletal development, with the skeleton 
retaining 99% Ca, 80% P, 65% Mg, 40% 
Na and 5% K of the body’s reserves by 
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Table 4.2. Salts with high Ca / P content (AAVV, 1985). 


Salt 

Ca (%) 

P (%) 

Notes 

Calcium carbonate 

40 


Frequently used in diet 

Calcium sulphate 

29 


Increases urinary excretion of Ca/P 

Calcium chloride 

36 



Calcium phosphate 

15-19 

22-24 


Calcium citrate 

21 


Readily absorbed 

Calcium gluconate 

9 


Readily absorbed 

Calcium formate 

31 


Readily absorbed 

Calcium lactate 

13 


Readily absorbed 

Calcium acetate 

25 


Readily absorbed 

Phosphoric acid 


31 


Sodium phosphate (mono- or bihydrate) 


2-25 

Na 16-19% 

Potassium phosphate (mono- or bihydrate) 


17-22 

K 28-44% 

Ammonium phosphate (mono- or bihydrate) 


23-27 

N 12-21% 


the time they reach adult life. Mineral 
absorption rates decrease as animals 
grow older. 

• The animal’s physiological status (dry, 
gestation or lactation) - mineral absorp- 
tion increases by 20-40% to allow for 
fetal growth. This also applies to the first 
months of lactation, reaching very high 
levels as the animal reaches peak produc- 
tivity. 

• Body weight variations. 

Factors linked to climate conditions 
(heat and cold stress) affect the acid-base 
balance and the amount of minerals 
absorbed or excreted in urine. 

Factors linked to feed rations are 
directly related to: 

• Mineral contents in the soil and plant 
growing techniques (whether or not fertil- 
izers have been used). 


• Digestibility and availability of minerals, 
which vary depending on the DM content 
in feeds, the vegetative phase of plants 
and the season in which they have been 
harvested (different degrees of lignifica- 
tion and different ratios of minerals). 

• Palatability of feeds. Apart from sodium 
chloride, various mineral supplements are 
particularly unappealing (although the prob- 
lem is related more to cattle than to sheep). 

4.1.4 Feed absorption through digestion and 
its influence on the microbial activity of the 
rumen 

In the rumen, macronutrients not only pro- 
vide nutrition for the microbial flora but they 
also exert a chemical, physical and regula- 
tory action on ruminal contents (osmotic 
pressure, pH and dilution levels). Trace ele- 


Table 4.3. Salts with high Mg content (AAVV, 1985). 


Salt 

Mg (%) 

Other minerals present (%) 

Notes 

Magnesium oxide 

60 


Readily absorbed 

Magnesium hydrate 

40 


Increases urinary Ca/P excretion 

Magnesium carbonate 

29 



Magnesium chloride 

12 

Cl (35) 


Magnesium sulphate 

20 

S (26) 

Decreases Ca/P utilization 

Magnesium sulphate hydrate 

10 

S (13) 

Decreases Ca/P utilization 
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Animal 

• Age (young/mature 
animals); 

• Physiological stage 
(dry/gestation/lactat- 
ing); 

• Body weight. 


1 

\ 

Mineral 

requirements 

J 


Environmental 
• Climatic conditions 
(i.e. temperature). 


► 


Food 

• Chemical 
composition; 

• Minerals ratio; 

• Availability or 
digestibility; 

• Palatability. 


Fig. 4.1. Factors that influence mineral requirements in dairy sheep. Note: the arrows' dimensions describe 
the weight of the factors. 


Table 4.4. Salts with high Na content (AAVV, 1985). 




Others minerals 

Salt 

Na (%) 

present (%) 

Sodium chloride 

39 

Cl (60) 

Sodium bicarbonate 

27 

— 

Sodium sulphate 

32 

S (23) 


merits have a trophic function in micro- 
organisms, as they enter numerous enzymes 
or vitamin cofactors (e.g. Co in Vitamin 
B 12 ), which are fundamental for ruminal 
syntheses and microbial growth. 

The ratio of one element to the other 
(i.e. Ca:P, Ca:Mg, etc.) and the excess 
and/or deficiency of some minerals may 
either down- or up-regulate their utilization. 
For instance, in cases of micronutrient defi- 
ciency there is a reduction of ruminal syn- 
thesis and consequently of microbial 
growth. Ruminal pH levels, depending on 
diet type and dosages of rations, may affect 
mineral solubility (e.g. Mg becomes less sol- 
uble as soon as pH values rise). In turn, min- 
erals may act as buffers (e.g. phosphates 


and carbonates) in maintaining pH at opti- 
mum levels for microbial synthesis. 

4.1.5 Macronutrient deficiencies and/or 
excesses and their effects on nutritional 
metabolism 

An unbalanced intake of the necessary min- 
erals during the productive cycle can cause 
either primary or secondary deficiencies, or 
excesses, of one or more minerals. This can 
immediately affect production potential, 
later causing symptoms of acute and chronic 


Table 4.5. Recommended dietary content of macro-ele- 
ments (% DM) (AAVV, 1985; NRC, 1985). 


Element 

Recommended content (%) 

Sodium 

0.04-0.15 

Chlorine 

— 

Calcium 

0.20-0.82 

Phosphorus 

0.16-0.37 

Magnesium 

0.12-0.18 

Potassium 

0.50-0.80 

Sulphur 

0.14-0.26 
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Table 4.6. Recommended dietary content of micro-elements (AAVV, 1985, 1992; World Animal Science, 1987). 


Element 

Recommended content 

Toxicity threshold 

Iron (mg/kg) 

30-50 


Copper (mg/kg) 

3-10 

15 

Manganese (mg/kg) 

20-40 

1000 

Zinc (mg/kg) 

30-50 

250 

Selenium (ppm) 

0.1 

0.5 

Iodine (ppm) 

0.5-1 .2 

8 

Cobalt (ppm) 

0.1 

10 

Molybdenum (ppm) 

0.5 

3 

Fluorine 

Trace 



diseases, depending on the seriousness and 
duration of such deficiencies. Table 4.7 
shows the main functions of dietary macro- 
and micronutrients as well as the main 
symptoms of inadequate or excess intake. 


Calcium and magnesium (Ca and Mg) 
deficiencies 

Hypocalcaemia, or Ca deficiency, is a 
pathological syndrome associated with 
decreased Ca concentration in plasma. This 
causes some physiological reactions such as 
a slowing down of the heartbeat and paraly- 
sis of skeletal muscles. Differences have 
been reported in goats and sheep due to 
genetic predisposition. This condition usu- 
ally appears at the beginning of lactation, 
normally after giving birth to the first litter, 
and it may occur a few days before or after 
delivery, when the Ca requirement is at its 
highest. In sheep, plasma Ca may decrease 
from a normal concentration of 9-10 
mg/100 ml to 2-3 mg/100 ml, while in 
goats concentrations may decrease to 50% 
of the normal content. 

Hypomagnesaemia, or Mg deficiency, 
may act as a compounding factor in such 
instances and may appear in the presence 
of chelating agents which reduce the physi- 
ological activity of Ca and/or circulating Mg. 
In this regard, an adequate feed ration, 
which specifically meets the changing needs 
of animals at peak productivity, is essential. 
For instance, a concentrated supplement 
containing such minerals could be given 1 
month before delivery. 


Hypomagnesaemia, as the name indi- 
cates, is associated with a drastic decrease in 
the plasma or serum levels of Mg, from a nor- 
mal level of 2. 0-2. 5 to below 1 mg/100 ml. 
This condition is also known as lactation 
tetany, grass tetany, or transient tetany. 
Neurological signs of Mg deficiency are 
tetanic seizures and convulsions. Animals get 
up and lie down frequently and have difficulty 
standing. In acute forms cardiac arrest is pos- 
sible. In some cases, hypomagnesaemia is 
directly related to a Mg-deficient diet, but 
deficiency may also be induced, for example, 
by heavy fertilization of pastures with K and 
N. The presence of chelating agents in feeds 
may also cause Mg deficiency. In some cases, 
Ca deficiency may be associated with Mg 
deficiency, and the clinical signs of Ca defi- 
ciency may obscure those of Mg deficiency. 


Relationships between calcium, phosphorus 
and vitamin D 

Skeletal pathologies such as rickets, osteo- 
porosis, osteomalacia, or a combination of 
all these conditions, are frequent in goats 
and sheep, and usually Ca, P and vitamin D 
are involved. The symptoms of such dis- 
eases cannot be specifically ascribed to Ca 
deficiency; they can also be caused by a defi- 
ciency in P, an abnormal Ca:P ratio or by a 
deficiency of vitamin D. 


Calcium and phosphorus (Ca and P) excess 
Urolithiasis is the name given to illnesses 
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Table 4.7. Biological role and main symptoms of mineral deficiency or excess (ASSONAPA, 1996; Bell, 1997). 

Mineral 

Main functions 

Deficiency symptoms 

Excess symptoms 

Calcium 

Bone; muscle contraction; 

Rickets; osteomalacia; milk 

Ratio Ca:P 7:1 with phosphorus 


activates some enzymes 

fever 

adequate 

Phosphorus 

Bone; energy binding; 
phospholipids and neuronal 
tissue 

Rickets, osteomalacia 

Weak bones; urinary calculi 

Magnesium 

Bone constituent; muscle 
contraction activator; 
acid-base equilibrium; protein 
and lipid metabolism 

Loss of appetite; low growth 
hypersensibility; grass tetany; 
incoordination; convulsions 

Reduced feed intake; diarrhoea 

Sodium 

Osmotic pressure; acid-base 

Depressed appetite; taste 

Diarrhoea; anorexia; salivation; 


balance; cell permeability; 
nerve impulse transmission 

deprivation 

abdominal pain; thirst; muscular 
spasms 

Potassium 

Osmotic pressure; acid-base 
equilibrium; nerve impulse 
transmission 

Rapid decline in food and 
water intake; loss of strength; 
pica 

Cardiac problems; oedema 

Chlorine 

Electrolyte balance 

Frequently confused with 
sodium deficiency 


Sulphur 

Sulphur amino acids 

Low productivity 

Diarrhoea; dehydration; acidosis; 
lung and liver damage 

Copper 

Many enzymes; haemoglobin; 

Hair discoloration; reduced 

Anorexia; jaundice; abdominal pain; 


bone and cartilage formation 

growth; lameness 

haemolytic crisis 

Zinc 

Epidermis; skeletal formation; 

Inter-digital dermatitis; 

Rarely anaemia; reduced bone 


wound healing 

reduced fertility; impaired 
immune function; slow growth 

formation; low weight gain 

Manganese 

Growth, skeleton and 

Reproductive anomalies; 

Destruction of ruminal flora; 


reproduction 

skeletal abnormalities; poor 
growth 

reduced appetite; reduced growth; 
anaemia 

Cobalt 

Constituent of vitamin B 12 

Loss of appetite 

Low growth; muscular inco- 
ordination; increased haemoglobin 
and PCV 

Selenium 

Antioxidant, enzyme 

Reduced fertility; muscular 

Abortion; hair loss; lameness; 


constituent 

dystrophy; cystic ovaries; 
reduced immune response 

loss of appetite; death 

Molybdenum 

Metabolism of the purine 

Failure to convert xanthine 

Diarrhoea; anorexia; bone 


bases 

to urate 

malformation; reproductive 
disorders 

Fluorine 

Constituent of bones and 
teeth 


Mottling of teeth; lameness; dry 
skin and hair 

iron 

Haemoglobin, many enzymes 

Anaemia 

Reduced intake and growth 

Iodine 

Thyroid hormones 

Goitre, abortions 

Chronic: reduced intake and reduced 
growth of hair; weepy eyes. Acute: 
excessive salivation; anorexia; 
abortion; respiratory problems 


involving insoluble deposits such as Ca 
oxalates, carbonates or phosphates, silicon 
or magnesium-ammonium-phosphate 
(MgNH 4 P0 4 ) complexes; these are found in 
the kidneys or bladder and are capable of 
obstructing the urethra or the ureter, since 
they can aggregate to form stones, or 


uroliths. Urolithiasis is seen most often in 
areas with a dry climate, both cool and 
warm, where the amount of water being 
drunk is minimal and/or loss of fluids is 
high; in these conditions most animals tend 
to produce more concentrated urine. This 
condition is also predisposed to by particu- 
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lar dietary situations, such as protein-rich 
rations with high energy content, or those 
with a mineral imbalance (high or low Ca:P 
ratio, high Mg:Ca ratio, high soluble silicon 
content or low Na and K content). The pres- 
ence of organic types of kidney stones may 
be due to the types of grasses eaten during 
the hot part of the season, or to sheep graz- 
ing on land where certain leguminous plants 
are dominant. 


Sodium (Na) excess 

The physiological needs for Na in ruminants 
have been studied in depth and have been 
precisely formulated for sheep and goats. As 
a rule, sheep and goats have a very effective 
Na retention, when needed. The addition of 
NaCl to feed rations (0.5%) is a common 
practice and the administration of high 
quantities of NaCl (more than 2-5% of the 
diet), when very digestible feed rations are 
given or there is a risk of urolithiasis, pro- 
motes diuresis thus reducing the risk of kid- 
ney stone formation. 

4.1.6 Micronutrient deficiencies and/or 

excesses and their effects on nutritional 
metabolism 

Copper (Cu) deficiency 

Symptoms: the first sign of Cu deficiency in 
sheep is lack of pigmentation in black wool. 
Variable availability of Cu for grazing ani- 
mals can result in a striped coat with pig- 
mented areas only where there is an 
adequate Cu supply. Greater deficiency will 
cause reduced crimp of the coat (in breeds 
that have curly or wavy wool), and at the 
same time wool formation will decrease, 
body weight will drop, fetal growth will be 
stunted (in pregnant ewes) and anaemia will 
develop. Symptoms in sheep which have a 
very severe Cu deficiency will include giving 
birth to fewer lambs, which may present as 
a disease called enzootic ataxia; the pathol- 
ogy of this disease involves multilocular 
brain cysts and demyelination of the brain 
and spinal cord, which is progressive. All of 


the above symptoms can be corrected by 
introducing sufficient Cu into the diet, 
except when symptoms are due to a degen- 
erative process of the central nervous sys- 
tem. In fact, progressive demyelination may 
be stopped when adequate Cu levels are 
metabolically available, but it will not 
regress. High concentrations of molybde- 
num (20-100 ppm of DM in rations), in the 
presence of sulphates, interfere heavily with 
Cu absorption, causing deficiency. 

Diagnosis of deficiencies: signs of Cu 
deficiency are likely to appear when pas- 
tures have a content of less than 5 ppm of 
Cu and 1 ppm or less of molybdenum in the 
DM. If a substantial quantity of molybdenum 
is present, Cu deficiency can occur with a 
concentration of 10 ppm or higher. The liv- 
ers of sheep showing this deficiency and 
having given birth to ataxic lambs generally 
contain less than 10 ppm of Cu, although 
deficiency symptoms can appear at less than 
50 ppm. A normal diet contains a concen- 
tration of 100-400 ppm, and blood con- 
centrations of 0.7- 1.2 mg/1 will protect 
them from any deficiency. 

When pastures have a low Cu content, 
a distribution of about 7 kg/ha of Cu sul- 
phate raises Cu concentrations to a satisfac- 
tory level for a few years, and it also has the 
positive effect of increasing forage produc- 
tion. Where fertilization is not possible, defi- 
ciencies can be treated with Cu sulphate: by 
oral administration of 10 mg/day for 2 to 3 
weeks, or by subcutaneous injections, 
which, however, may cause damage to local 
tissues. 


Copper (Cu) excess 

Unlike cattle, which are relatively tolerant of 
an excess of Cu, sheep and goats may suf- 
fer from poisoning under certain circum- 
stances. Providing sheep with high doses of 
Cu salts results in closure of the oesophagus 
and by-passing of the rumen, thus causing a 
high enough amount of Cu absorption in 
the intestine to cause the death of the ani- 
mal in a few hours. In pastures with high 
concentrations of Cu (>10 ppm of DM), 
interference with molybdenum absorption 
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may cause the accumulation of high quanti- 
ties of Cu in the ovine liver (>8000 ppm of 
the dry diet) and chronic poisoning. Under 
specific stress conditions, the accumulated 
Cu may be released, thus increasing its con- 
centration in the peripheral blood. This can 
cause massive haemolysis followed by block- 
age of the renal tubules, increased kidney 
size and in most cases, death. Merino cross- 
breeds appear to be less sensitive than other 
sheep breeds. Whenever there is a risk of 
poisoning, molybdenum supplementation 
helps in controlling Cu absorption. 


Manganese (Mn) deficiency 

Mn deficiency in sheep and goats affects 
both growth and reproduction; symptoms 
are an overdevelopment of bones followed 
by hampered movement and lack of bal- 
ance, as well ataxia in young animals. 

Requirements: sheep require at least 32 
ppm Mn/kg of their DM, whereas goats 
need 20 ppm or more. Mn abounds in pas- 
tures and forages and may reach concentra- 
tions as high as a few hundred ppm; in fact, 
it rarely decreases to less than 40 ppm, 
hence grazing animals will rarely lack this 
element in their diet. 


Manganese (Mn) excess 

An excessive daily intake may depress 
appetite and lower growth rates. It has been 
observed that Mn may antagonize iron 
absorption by inhibiting haemoglobin for- 
mation, for instance in lambs, with an intake 
of up to 5000 ppm of Mn. 


Zinc (Zn) deficiency 

Symptoms of Zn deficiency include an arrest 
in fetal growth after a few weeks, poor or no 
wool growth with loss of crimp and fibre, 
abnormal keratin formation and slow wound 
healing, which makes animals prone to tis- 
sue diseases such as foot rot and mastitis. 
Lambs and kids may show hypogonadism, 
while in fully developed animals the testicles 


decrease in size, libido is reduced and sper- 
matogenesis ceases. 

Requirements: all alterations due to Zn 
deficiency are reversible if the animals 
receive adequate supplements: lambs will 
grow regularly if fed diets with 17 ppm Zn; 
testicular growth and spermatogenesis will 
improve again with 32 ppm Zn. The opti- 
mal concentration of Zn in the diet should 
range from 17 to 33 ppm, but no symp- 
toms of Zn poisoning have appeared in 
sheep with diets with up to, or in excess of, 
500 ppm. 


Iron (Fe) deficiency 

Fe is abundantly present in vegetable feeds. 
Grazing animals are rarely deficient in Fe, as 
leaves, many leguminous plants and seed 
integuments are good sources of iron, 
whereas both milk and cereal seeds have 
low Fe content. Over 90% of iron in the 
body is incorporated in proteins, the most 
important of which is haemoglobin, con- 
taining 0.34 Fe. Other proteins with Fe con- 
tent are transferrin, which transports Fe 
from one part of the body to another, and 
ferritin, whose function is to create organic 
Fe reserves. Iron deficiency causes anaemia, 
which is fairly common in young animals in 
full growth, due to milk’s low Fe content. 
Anaemia is not common in lambs as milk 
feeds are often rounded off with a dietary 
supplement. In adult animals receiving a 
maintenance diet, high levels of Fe are not 
required since it is recovered from the 
destruction and neosynthesis of haemoglo- 
bin; only 10% of Fe is lost in this process. 
An excess of Fe in the diet may cause cer- 
tain disorders and may diminish phosphorus 
absorption. 


Iodine (!) deficiency 

Iodine deficiency leads to the onset of 
goitre; in sheep (and goats) goitre appears 
as a large swelling under the lower jaw and 
around the trachea, which is caused by 
enlargement of the thyroid gland. Iodine 
deficiency may be primary or induced, or 
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may be caused by an inherited malfunction 
of the thyroid gland. 

Goitre is very common and easily 
detected in young animals, whilst in adults 
an enlarged thyroid gland can be palpated 
but is not always visible. If I deficiency is 
severe, goitre is generally accompanied by 
other symptoms of hypothyroidism such as 
slow or absent wool and hair growth, 
reduced milk production and, in lambs, 
weakness, poor limb coordination, inability 
to suckle and, in some cases, death. 

Affected adult males show loss of libido 
and low-quality semen, while females show 
irregular oestrus cycles and low conception 
rates. Iodine deficiency may be induced by 
consumption of plants or products contain- 
ing goitrogens, many of which only become 
active in the presence of marginal I defi- 
ciency. Goitrogens are alkaloids or 
cyanogenic glycosides which release thio- 
cyanate, isothiocyanate or goitrin in the 
rumen. These antithyroid alkaloids are con- 
tained in Leucaena sp., the mustard family 
in general, and in linseed and soybean-based 
feeds. 

Some common herbage, e.g. perennial 
ryegrass and white clover, contains goitro- 
genic monovalent anions (perchlorate, thio- 
cyanate and nitrate) which interfere with I 
transport in the thyroid. Autosomal reces- 
sive congenital goitres have also been 
observed in some breeds of sheep and 
goats. Poor thyroid function leads to the for- 
mation of thyroglobulin and the subsequent 
inadequate production of thyroid hormone; 
this enhances the release of hormones into 
the gland, giving rise to goitre. 

The minimum daily I requirement for 
sheep is approximately 200 pg. If this 
requirement is not met, the urinary excre- 
tion of I drops to less than 50 pg/day and 
the milk concentration is less than 8 pg/100 
ml. Iodine levels in milk, thyroid hormones 
and I-binding blood proteins are good mark- 
ers of nutritional I uptake and thyroid status. 

Iodine supplements are recommended 
for preventing deficiency syndromes, and 
the recommended dietary allowance is 
approximately 0.5-1. 2 mg/kg of DM. 
Therapeutic I supplements may be given to 
counter primary or induced I deficiency: 


either an oral dose of 360 mg of potassium 
iodate at the end of the third or fourth 
month of gestation, or alternatively a single 
I/M injection 1 or 2 months prior to lamb- 
ing. 


Selenium (Se) deficiency 

The biological function of Se, a component 
of the enzyme glutathione peroxidase, rep- 
resents the first line of antioxidant defence, 
for the protection of the lipid component of 
cell membranes. 

Selenium deficiency has been reported 
in sheep and other grazing animals. It is 
manifested in lambs by enzootic muscular 
dystrophy, or white muscle disease, whilst in 
ewes it reduces fertility and increases neona- 
tal mortality. 

Selenium deficiency or Se-responsive 
diseases can result when the diet contains 
0.02 ppm or less of Se. Values of 0.06 ppm 
are considered sufficient to prevent defi- 
ciency disorders, and 0.1 ppm supplies a 
good safety margin. 

In some geographical areas, reproduc- 
tive disorders have been prevented by com- 
bining Se with vitamin E, instead of giving 
Se alone. Selenium deficiency in animals at 
risk can be prevented and corrected by 
scheduling periodical I/M injections or by 
giving a Se salt orally - generally sodium 
selenite, or a Se slow-release bullet. The use 
of Se salt licks is an inadvisable method as it 
is difficult to regulate Se ingestion. 

The addition of salt to improve poor 
pasture, e.g. 2 kg/ha of Se, may result in 
suitable Se concentrations for about 3 years. 
However, this practice may lead to over- 
consumption of Se due to rapid absorption 
by plants and superficial contamination of 
the vegetation during treatment. 


Selenium (Se) excess 

Excessively high Se concentrations in forage 
crops - toxic to grazing animals - have been 
reported in some parts of the USA, Ireland, 
Australia, Israel and Russia. Some edible 
plants may accumulate toxic concentrations 
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of Se from Se-rich soils or even from soils 
with very low Se concentrations. There are 
soils rich in a particular form of Se that is 
accumulated only by certain plants (called 
accumulator plants), which, on dying, release 
Se into the soil in a form that is accumulated 
by forage crops. Levels as high as 260 ppm 
of Se have been reported in pasture, and 
6000-15,000 ppm in accumulator plants. 
Animals that ingest over 5 ppm in their diet 
show loss of hair coat, emaciation, atrophy 
of the heart and liver, cirrhosis of the liver 
and inflammation of the intestine and kid- 
ney. Sheep do not appear to be seriously 
affected by severe Se poisoning, although 
generally they display poor appetite, weight 
loss and reproductive disorders. 

Several compounds and elements have 
shown an ability to reduce Se toxicity by 
reducing absorption, increasing excretion or 
modifying Se metabolism in the tissues, e.g. 
bromobenzene, S, As, Ag, Hg, Cu and Cd. 
Generally speaking, it is advisable to prevent 
animals from grazing on Se-rich pasture. 


Cobalt (Co) deficiency 

Cobalt deficiency (pernicious anaemia): fol- 
lowing the earliest reports from the UK in 
the 18th century, many cases of diseases of 
unknown origin affecting ruminants at pas- 
ture were reported throughout the world. In 
each instance, the symptoms were progres- 
sive appetite and weight loss together with 
severe anaemia, leading to the death of the 
affected animals unless they were moved to 
other pastures. 

Eventually, a positive response to an 
oral dose of Co given to a sheep with the 
above-mentioned symptoms was obtained 
in 1935 in Australia, and Co deficiency was 
rapidly confirmed as the principal cause of 
the disease. 

Cobalt deficiency is associated with cer- 
tain types of soil (sandy limestone, sandy 
siliceous, soil derived from granite rock, 
leached pumice stone, shale forests, peat and 
heavy shale soils) containing less than 5 ppm 
of Co, or when less than 0.25 ppm of Co is 
extracted from a 2.5% acetic acid solution. 

Functions of Co: cobalt deficiency was 


studied for at least 15 years before its nutri- 
tional function in ruminants was deter- 
mined. A great deal of attention was focused 
on the similarities between blood dyscrasia 
in sheep and pernicious anaemia in 
humans. In 1948, it was discovered that Co 
is the constituent of anti-pernicious anaemia 
factor (vitamin B 12 ), which accounts for the 
importance of Co in ruminants. It was clari- 
fied that the sole function of Co is to guar- 
antee adequate microbial synthesis of 
vitamin B 12 in the rumen, and that all the 
symptoms of Co deficiency syndrome can 
be explained as a deficiency of vitamin B 12 . 

Parenteral administration of Co is 
pointless as it does not reach the rumen, 
whilst vitamin B 12 administered parenter- 
ally, and Co administered orally, clearly 
demonstrate the biochemical involvement of 
Co at the level of the rumen. 

Diagnosis of Co deficiency: in rumi- 
nants, ingested Co is stored primarily in the 
liver, almost exclusively as a component of 
vitamin B 12 . The liver of Co-deficient sheep 
often contains < 0.1 ppm, commonly 
between 0.01 and 0.05, while non-deficient 
animals generally have values between 0.1 
and 0.3 ppm. 

Cobalt concentrations in blood are in 
general too low for accurate measurement, 
but in sheep serum, the levels of vitamin B 12 
provide a good indication of the availability 
of dietary Co. In severely vitamin B 12 -defi- 
cient sheep, concentrations are consistently 
< 0.2 ng/ml, while normal levels are 
between 1 and 3 ng/ml. Livers of vitamin 
B 12 -deficient animals generally have Co 
concentrations <0.1 mg/g of fresh matter, 
while in normal subjects the values are 
around 1 mg/g of fresh matter, or higher. 

An adult sheep generally requires a daily 
allowance of 0.1 mg of Co to optimize pro- 
ductive performance, and a lamb needs even 
higher amounts. These amounts are gener- 
ally supplied in a single feed ration, or pas- 
ture, containing 0.1 ppm Co of DM ingested. 


Molybdenum (Mo) excess 

Molybdenum plays a fundamental role as a 
component of various enzymes, including 
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xanthine oxidase. Molybdenum deficiency 
has never been reported in any species, but 
ruminants are highly prone to the effects of 
Mo poisoning. The effects of Mo on rumi- 
nants are largely associated with the effects 
of Cu storage, Cu metabolism (see the sec- 
tion on Cu) and the availability of sulphate in 
the diet. 

Much has been written on the relation- 
ship between Cu, Mo and sulphur (S), which 
undoubtedly has a great influence on Cu 
uptake and accumulation in the rumen. It is 
well known that sulphate is reduced to sul- 
phite by ruminal microorganisms; when it 
combines with Mo it forms thiomolybdate, 
and subsequently the insoluble compound 
Cu thiomolybdate, which is excreted. When 
dietary Cu is made unavailable by this reac- 
tion and body stores become depleted, the 
animal inevitably suffers from the effects of 
Cu deficiency. 


Fluorine (F) excess 

Fluorine does not appear to have a role in 
ruminant nutrition. Conversely, young sheep 
exposed to excessive amounts of F display 
typically stained, irregular and oversized 
teeth. Adults develop exostoses of the long 
bones and jaws, whilst sheep which lose their 
dentition have difficulty grazing and chewing, 
and consequently develop problems with 
wool growth and raising lambs. 

4.2 Vitamin Nutrition 
4.2.1 Classification 

Vitamins are organic compounds which ani- 
mals require in order to live, grow and 
thrive. In 1912, Funk coined the term ‘vita- 


Table 4.8. Vitamin classification as a function of 
solubility. 

Fat-soluble 

Water-soluble 

A,D,E,K and F 

B complex (B 1 , B 2 , B 3 , B 5 , B 6 , 


B g , B 12 ) vitamin C and FI 


mins’ from vital amines, i.e. substances con- 
taining nitrogen in amine form. Today it is 
known that only certain vitamins contain 
amino nitrogen, but the term has become 
generally accepted. Since it is impossible to 
make a rational classification based on their 
chemistry or biological properties, vitamins 
are classified as being either fat-soluble or 
water-soluble (Table 4.8). 

Table 4.11 shows the biological func- 
tion and the main symptoms of vitamin defi- 
ciency or excess. 

4.2.2 Vitamin requirements and principal 
dietary sources 

Fat-soluble vitamins 

vitamin a Vitamin A, also called retinol, is a 
fat-soluble organic alcohol. It generally accu- 
mulates in the liver, egg yolk and milk fats. 
In plant food it exists in the form of 
carotenoid precursors, which the intestinal 
epithelium converts into retinol. The 
greener the plant, the richer it is in vitamin 
A precursors. Grazing animals, such as 
sheep, seldom have vitamin A deficiency, 
due to the presence of its precursors in pas- 
ture, and to its accumulation in the liver. A 
deficiency of vitamin A causes twilight blind- 
ness and reproductive disorders. Vitamin A 
requirements for different ovine categories 
are shown in Table 4.9. 


Table 4.9. Dietary requirements of vitamin A and (3-carotene (AAVV, 1985). 


Physiological state 

Vitamin A (lU/kg BW) 

(3-carotene (mg/kg BW) 

Maintenance and growth 

33 

60 

Gestation 

66 

120 

Lactation 

50 

90 
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vitamin d Various forms of vitamin D are 
known, the most important being ergocalcif- 
erol (D 2 ) and cholecalciferol (D 3 ), whilst their 
precursors are ergosterol and 7-dehydros- 
terol. They commence as pro-vitamins and 
are subcutaneously converted into vitamins 
by ultraviolet light (290-315 nm). Vitamin D 
is more resistant to oxidation than vitamin A, 
and vitamin D 3 is more resistant than D 2 . 

A deficiency of vitamin D is character- 
ized by the development of rickets and 
osteomalacia, which are not specific disor- 
ders since they may also be caused by defi- 
ciency or imbalance of Ca and P. 

Excessively high levels of vitamin D may 
also cause disorders such as Ca deposits in 
the heart and arteries. Adult animals that 
graze, or are exposed to normal amounts of 
sunlight, generally do not suffer from defi- 
ciency, while young or pregnant animals 
should be given supplements when fed hay 
only, since hay is low in vitamin D. Feeds of 
animal origin like cod and halibut liver oil 
and egg yolk are rich in vitamin D. Adult 
animals require 2000 IU/kg of DM. 

vitamin E The vitamin E group includes 
eight forms of active compounds, the most 
common and most active being a-toco- 
pherol. Vitamin E is abundant in young 
shoots, especially in the leaves. Vitamin E is 
easily destroyed by oxidation, so that grass 
may lose 90% when made into hay, while 
silage causes somewhat lower losses. 

Signs of vitamin E deficiency include dis- 
orders of the skeletal muscles: lambs develop 
unnatural posture and display abnormalities 
that go under the names of ‘white muscle dis- 
ease’ or ‘stiff lamb disease’ (enzootic muscu- 
lar dystrophy). Recommended intakes are 
shown in Table 4.10. 

vitamin k Discovered in 1935 and known 


Table 4.10. Recommended dietary content of vitamin E 
(AAVV, 1985). 


Category 

Vitamin E (mg/kg concentrate) 

Lamb 

50-100 

Sheep 

25-50 


for its role in blood clotting, vitamin K, or 
antihaemorrhagic vitamin, exists in several 
forms, the most important being the natu- 
rally occurring phylloquinone, which is 
obtained from plants. Vitamin K is fairly 
heat-resistant but is easily destroyed by expo- 
sure to sunlight. The main sources of dietary 
vitamin K are plants such as lucerne, cab- 
bage and oilseed rape, as well as (depending 
on the diet) egg yolk and fish meal. 

Sheep and goats can also absorb vitamin 
K synthesized in the large intestine by bacte- 
ria (e.g. Escherichia co/i); deficiencies, there- 
fore, are not reported in these species. 
Cattle, on the other hand, may be affected by 
vitamin K deficiency after consuming sweet 
clover containing dicoumarol, which causes a 
lowering of thrombin levels in the blood. 


Water-soluble vitamins 

All the B vitamins and vitamin C are syn- 
thesized in the rumen by the microflora; 
along with the vitamins contained in feeds, 
they are generally sufficient to cover the 
nutritional requirements of sheep. The only 
vitamin deficiency encountered commonly is 
that of vitamin B 12 (cyanocobalamin): its 
microbial synthesis requires an adequate 
source of dietary cobalt (see paragraph on 
Co). 


4.3 Water Consumption 

Animals obtain water from both food and 
drink. The water balance (Fig. 4.2) is repre- 
sented by the difference between the 
amount of water ingested (in food and drink) 
and that excreted - in any of the following 
three ways: 

• Through the urine and faeces, following 
the digestive and metabolic utilization of 
food. 

• In milk and other fluid production. 

• Through thermoregulation, i.e. in the 
form of evaporation in expired air, and 
sweating. 

The amount of water required by sheep 
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Table 4.11. Biological roles of vitamins, and the main symptoms of their deficiency or excess (ASSONAPA, 1996). 


Vitamin 

Main functions 

Deficiency symptoms 

Excess symptoms 

A 

Vision; tissue trophism; 

Twilight blindness; 

Hyperkeratosis; skeletal lesions; 


glucose synthesis; bone 

hyperkeratosis; skeletal lesions; 

excess symptoms are similar 


growth 

reproductive anomalies 

to deficiency 

D 

Bone formation; 

Rickets (in young animals); 

Demineralization of bone and 


phosphorylation 
bone growth 

osteomalacia (in mature 
animals) 

mineralization of soft tissue 

K 

Formation of the thrombin 
precursor 

Spontaneous haemorrhages; 
delayed blood coagulation 

Relatively non-toxic 

E 

Antioxidant function; 
protection of vitamin A; 
affects muscular structure 
and epithelial tissue ot 
reproductive tract 

Muscular dystrophy; 
degeneration of encephalus; 
reproductive anomalies 

Relatively non-toxic 

or thiamin 

Coenzyme of decarboxylase 

Polyneuritis; cardiovascular 
disorders 

Relatively non-toxic 

B 2 , or riboflavin 

Coenzyme FMN and FAD; 
dehydrogenase activity 

Dermatitis and loss of hair; 
enteritis 

Non-toxic 

B 6 , or pyridoxine 

Coenzyme PAL 

Convulsions; neuritis; 
anaemia, dermatitis 

Convulsions and death 

B 3 , or PP, Nico- 

Coenzyme NAD and NADP; 

Dermatitis; diarrhoea; 

Vasodilation; pellagra; 

tinamide or niacin 

dehydrogenase activity 

dementia; hypersensitivity; 
oral/lingual ulceration 

hepatomegaly 

B 5 , or Panthotenate 

Coenzyme A and acyl group 
carrier 

Dermatitis and loss of hair; 
enteritis; poor growth 

Relatively non-toxic 

Vit. H, or Biotin 

Essential cofactor for 
carboxylation reactions 

Dermatitis and loss of hair 

Non-toxic 

Inositol 

Lipotrophic factor of the liver Poor growth 

Non-toxic 

Lipoate 

Methyl group donator; 
lipotrophic factor; and liver 
protection function 

Fatty degeneration of liver 

Chronic diarrhoea 

B g , or Folate and 
pterines 

C 1 metabolism; synthesis of 
purines and pyrimidines 

Anaemia; leucopenia 

Non-toxic 

B 12 or cobalamin 

Isomeric reactions of methyl 
group 

Anaemia; nervous disorders; 
poor growth 

Non-toxic 

C 

Hydrogen transport; folic 
acid activation; formation of 
collagen 

Haemorrhages and anaemia 

Non-toxic 


Table 4.12. Approximate value of water intake by sheep 
(kg water/kg DM intake) in winter conditions (average 
ambient temperature 15°C). 


Category Water intake (l/kg DM) a 


Growth or fattening 

2.0 

Maintenance or early pregnancy 

2. 0-2. 5 

Late pregnancy 

1 fetus 

3. 0-3. 5 

2-3 fetuses 

3. 5-4. 5 

Lactating sheep 

first month (milk yield 2 l/day) 

4.0-4. 5 

following months 

3. 0-3. 5 


a The amounts showed respective increases of 30, 50 
and 100% for average ambient temperatures of 20, 25 
and 30°C. 


depends largely on the amount of DM eaten 
and on the nature and composition of feed 
(especially the protein and mineral content), 
as well as on the ambient temperature, 
liveweight, amount of milk produced and 
the development of the uterine contents for 
animals approaching the end of gestation. 

Table 4.12 indicates the average water 
consumption rates of sheep, in litres Ag of 
DM. It is extremely difficult to estimate the 
water requirement of grazing animals. 
Animals that feed on grass generally have a 
higher intake of water, but other factors 
include the moisture content of the grass, air 
temperature and duration of exposure to the 
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Fig. 4.2. Water balance of the animal. 


sun. Furthermore, in semi-arid climates, 
some breeds of sheep are able to adapt to 
prevailing conditions, restricting their drink- 


ing to twice weekly, and meet their water 
needs by mobilizing fat reserves (Laticauda 
or North African breeds). 
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5.1 Introduction 

Intake of feed and the consequent absorp- 
tion processes result in an accumulation of a 
‘metabolic reserve’ that will serve a number 
of purposes: increase in bodyweight, fetal 
growth, milk production, etc. Put simply, 
the greater the requirements of the tissue 
(that is, the greater the nutritive require- 
ments), the more intensely the metabolites 
will be removed from the blood (Forbes, 
1995). The lower level in the blood allows 
the animal to continue intake until the accu- 
mulation of metabolites is such that the sig- 
nals from visceral receptors induce the 
central nervous system to generate a ‘dis- 
comfort sensation' (Forbes and Provenza, 
2000), which induces the animal to stop 
eating. As the absorption and assimilation 
processes generally occur long after intake, 
it has been hypothesized that the animal is 
capable of intuitively understanding from 
experience (learning associations) the nutri- 
tive capacity of a given food from its 
organoleptic properties. 

Other signals from receptors sensitive 
to the degree of distension of the ruminal 
walls have a more immediate effect, so that 
mature forages, with slow transit times, 
cause a filling effect that impedes further 
intake of food. However, it should be noted 
that the level of blood metabolites, or the fill- 
ing level of the rumen, that lead to a sense 
of satiety are often higher than those 
reached when the animals satisfy their nutri- 
tional requirements. This can lead the ani- 


mal to continue feeding beyond its needs, 
resulting in metabolic diseases or excessive 
fattening, as well as the wastage of food 
with an adverse effect upon production 
costs. This occurs above all with sheep fed 
indoors. The latter, more than grazing 
sheep, often display a greater intake capac- 
ity than their true needs, as demonstrated by 
research conducted on lactating ewes in var- 
ious environmental conditions (Pauselli et 
al., 1993; Lanza et ai, 1994; Trimarchi et 
al., 1994). With average-to-low milk pro- 
duction, dry matter intake of over 2 kg can 
be observed, with a nutritional input obvi- 
ously exceeding the true needs. This is also 
confirmed by the high weight increases (in 
one case of over 10 kg) and by the manifes- 
tation, in some cases, of hepatic overload 
and foot lesions due to metabolic imbalance. 


5.2 Factors that Influence Intake 


5.2.1 Role of animal factors 

It should be remembered that it is very diffi- 
cult to assess the effects of single variables 
on intake, as this is the result of the interac- 
tion of numerous factors related to the ani- 
mal, the feed and the environment. 

In nature, voluntary intake allows ani- 
mals to satisfy their nutritive requirements 
because of an innate physiological tendency 
to self-regulation. One of the causes of 
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changes in intake is bodyweight, which is 
correlated, on the one hand, to the basal 
metabolism that affects nutritive require- 
ments, and on the other to the ruminal vol- 
ume. An empirical method, though very 
widely used, for predicting the intake capac- 
ity of ruminants is to calculate it as a per- 
centage of bodyweight (for sheep about 
4-5.5%). Indeed, the correlation between 
bodyweight and intake for adult sheep is evi- 
dent (Table 5.1); however, on analysing the 
regression for each genetic type, the same 
tendency is not always observed. Since an 
increase in weight over the mature body- 
weight is an index of fattening, in this case 
intake tends to diminish. It has been 
observed that intake in adult sheep increases 
with weight up to 50 kg, and then decreases 
(Arnold and Birrell, 1977). 


Table 5.1. Dry matter intake and bodyweight in various 
sheep breeds. 


Breed 

Bodyweight 

(kg) 

DM intake 
(kg/head/day) 

East Friesian 

74.8 

2.49 

Lacaune 

73.2 

2.67 

Chios 

60.0 

2.24 

Delle Langhe 

58.0 

1.83 

Manchega 

57.0 

2.24 

Massese 

52.4 

1.98 

Comisana 

57.4 

1.99 

Churra 

50.0 

1.83 

Sarda 

42.2 

1.55 


Lactation, which affects nutritive require- 
ments, plays a fundamental role in ovine 
intake: lactating ewes consume more than 
dry sheep. However, it has been observed 
that the correlation between intake and milk 
production studied by various authors is 
highly variable (with correlation coefficient 
values between 0.2 and 0.8 (Serra, 1998)). 
In fact, the intake capacity after parturition 
does not always follow milk production 
increase. As is the case with dairy cows, this 
causes a phase in which the ewes mobilize 
fat reserves to satisfy the increased nutri- 
tional requirements. Any attempt to esti- 


mate the intake capacity of lactating ewes 
should therefore take into account their 
physiological tendency to mobilize body 
reserves in the early months of lactation, 
and later to restore them. The fall in intake 
that would therefore be expected in the 
phase following the peak of lactation is not 
always so marked. In various experiments 
(Trimarchi etal, 1981; Pulina etal., 1992; 
D’Urso et al., 1993; Pauselli et al, 1993) 
on dairy sheep during lactation, reductions 
in intake of about 20% have been observed, 
with corresponding decreases in milk pro- 
duction of approximately 65% (Table 5.2). 

For this purpose, an equation has been 
developed for predicting intake in Italian 
dairy sheep breeds (Pulina et al., 1996), 
which takes into account the weight and 
milk production of the animal, as well as 
daily weight changes that, in adult animals, 
can arise due to storage or mobilization of 
body reserves: 

I = -0.545 + 0.095 MW + 0.65 
FPCM + 0.0025 BWC 

where: I = DM intake, in kg/head/day; MW 
= metabolic weight (BW 0 75 ), in kg; FPCM = 
fat (6.5%)- and protein (5.8%)-corrected daily 
milk production, in kg (Pulina et al., 1989); 
and BWC = bodyweight changes, in 
g/day. 

Finally, it must be remembered that the 
state of well-being of the animal affects 
intake. Any ‘negative’ stress condition 
causes intake reduction as one of the first 
behavioural responses. It has been demon- 
strated that the following factors can nega- 
tively affect the well-being of the animal, 
reducing the intake capacity: 

• Protein/mineral deficiencies or excesses. 

• Toxicity. 

• Pathological conditions. 

• Extreme weather conditions (hot-humid, 
extreme cold, strong wind). 


5.2.2 Role of the chemical, nutritive and 
physical characteristics of feed 

With the exception of cases of availability 
of feed with an exceptionally high nutri- 
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Table 5.2. Dry matter intake and milk production. 

Lactation week 

Breed 

Intake (g DM/day) 

Milk production (g/day) 

3 

Comisana 

2670 

2026 

8 

(Pauselli etal., 1993) 

2634 

1025 

14 


2149 

693 

7-9 

Massese 

2200 

1068 

12-14 

(T rimarchi etal., 1981) 

2200 

588 

16-18 


2050 

346 

6 

Comisana 

1323 

1077 

10 

(D'Urso etal., 1993) 

1373 

783 

14 


1820 

488 

18 


1428 

424 

5th last 

Sarda 

2539 

1095 

4th last 

(Pulina etal., 1992) 

2079 

1005 

3rd last 


2521 

976 

2nd last 


2042 

856 

Last 


2153 

721 


tional value, very rarely is intake a func- 
tion only of the animal’s requirements. 
Satiety is linked to the type of feed avail- 
able: feed with a high energy density 
results in an arrest in further feed intake 
before the forestomachs have reached a suf- 
ficient level of fill to determine the state of 
satiety. On the other hand, voluminous for- 
age causes a filling effect that induces the 
animal to stop eating before the metabolite 
concentration reaches the threshold level for 
satiety. 

In dairy sheep fed mainly forage, rumi- 
nal distension is one of the main causes of 
intake changes. Most attempts to predict 
ovine pasture intake based on its chemi- 
cal-nutritive composition have underlined 
the important role of cell wall content, well 
indicated by the presence of neutral deter- 
gent fibre (NDF), as this influences ruminal 
wall distension. Table 5.3 shows some 
intake prediction equations based on NDF 
content; correlation is always negative. 

Other parameters closely linked to 
digestibility and speed of ruminal transit, 
such as lignin or ADF, did not provide 
similarly satisfactory results. Lignin content 
of mixed forages can be positively corre- 
lated to intake. This is rather anomalous, 


considering that increased lignin content 
reflects plant ageing. The cause of this 
anomaly can be attributed to the presence 
of legumes, in which high levels of lignin 
associated with low NDF and high in- 
take levels are typical (Macchioni et al., 
1990). 

Reduction in the forage particle size, 
and, as an extreme measure, grinding and 
pelleting, can significantly increase intake, 
above all for poor-quality forages. This 
occurs not only due to the resulting reduc- 
tion in the filling effect of the forage, but 
also because its smaller size prevents the 
selective behaviour that sheep normally 
exhibit towards the more digestible portions 
of the plant. This determines a further 
increase in intake linked to the reduced 
amount of time dedicated to selection. It 
also reduces chewing time, and increases 
feed density and speed of passage through 
the rumen (Van Soest, 1994). 

Silage should be considered separately 
as its consumption is closely related to 
its fermentation characteristics. Properly 
stored silage can result in an intake compa- 
rable to that obtained with fresh forage 
or hay (Bianchi et al., 1990). On the 
other hand, if silage is highly fermented, the 
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Table 5.3. Regression equations between dry matter intake (g/kg metabolic weight) and 
pasture NDF content (Lanari etal., 1993). 


Category of forage 

Regression equation 

All forages 

(Macchioni etal., 1990) 

1 = 107.4-0.644 NDF 

Lucerne hays 
(Macchioni etal., 1990) 

1 = 104.6-0.488 NDF 

Miscellaneous hays 
(Macchioni etal., 1990) 

1 = 117.4-0.760 NDF 

All forages 
(Reid etal., 1998) 

1 = 134.5 -1.10 NDF 

Grass forages 
(Rohweder etal., 1978) 

1 = 95.3 + 6.70 NDF -0.0668 NDF 2 

Polyphyte hays 
(Dulphy etal., 1990) 

1 = 136.5-0.12 NDF 

Miscellaneous hays 
(Lanari etal., 1993) 

1 = 96.5 - 0.38 NDF - 0.0000004 NDF 4 


metabolic effect of the high percentage 
of free fatty acids simulates a state of satiety 
at low intake levels. Moreover, the modest 
availability of soluble carbohydrates, in 
association with high non-protein nitrogen 
levels, reduces microbial protein syn- 
thesis, resulting in reduced ruminal func- 
tionality. Very humid silage has been 
observed to cause lower consumption 
than the same pre-wilted silage. However, 
the addition of water to silage does not 
reduce intake. This demonstrates that 
humidity has no direct effect on intake, but 
it causes an indirect effect, setting off anom- 
alous fermentation, with high production of 
butyric acid, ammonia nitrogen and, in 
extreme cases, toxic amines. These sub- 
stances bring about substantial changes 
to the palatability of silage, reducing its 
flavour and, as a consequence, voluntary 
intake. 


5.3 Pasture Intake 

Prediction of pasture intake for grazing ani- 
mals is much more complex than for sheep 
fed indoors. As the animals can freely access 
the pasture, apart from the animal factors 
and the qualitative characteristics of the pas- 
ture, behavioural factors can also signifi- 
cantly modify intake capacity. 


5.3.1 Biomass and structure 

Of the pasture characteristics that poten- 
tially affect feeding behaviour, herbage avail- 
ability is one of the most widely studied 
parameters. In general, as biomass 
increases, so does intake capacity. 
However, there are major behavioural fac- 
tors that render this correlation less evident. 
Herbage intake at pasture is the result of 
intake/minute (IR) x grazing time (T); as bio- 
mass decreases, IR decreases, as, in these 
conditions, the animal is only capable of 
consuming small quantities of herbage with 
each bite. It has been demonstrated that 
sheep tend to compensate for reduced 
herbage availability by prolonging the time 
dedicated to grazing (Allden and Whittaker, 
1970; Theriez, 1983; Brown et a/., 1988) 
and, within certain biomass limits, manage 
to reach the same intake levels as those 
reached in good grazing conditions. 

Studies on ovine feeding behaviour 
have highlighted the important role of the 
structure of the pasture in herbage intake 
regulation. This represents a combination of 
various parameters such as plant height, the 
ratio between leaves and stems, internode 
length, density in terms of plant number per 
unit of surface area, and any other parame- 
ter defining the spatial distribution of the 
biomass. In fact, all these parameters have 
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been found to alter the animal bite mode 
(Hodgson, 1985). The role of biomass and 
pasture structure will be discussed in more 
detail in Chapter 11. 

5.3.2 Qualitative characteristics of 
the pasture 

The quality of the pasture, expressed in 
terms of digestibility, filling value, crude pro- 
tein (CP) or structural carbohydrate content, 
can affect pasture intake. Very high qualita- 
tive levels can enable animals to reach their 
‘potential’ intake, which allows the animal 
to satisfy its requirements without limitations 
of a physical nature. Generally, intakes 
observed in highly digestible pastures are 
significantly higher than those in more ligni- 
fied or senescent pastures. It is also true, 
however, that high digestibility values can 
lead to animals reaching the state of satiety 
earlier due to metabolic intake control 
(Conrad et al., 1964). Our experiments 
have demonstrated that intake in lactating 
ewes increases as the herbage level of CP 


increases and as structural carbohydrates 
decrease (D’Urso et al., 1993), probably in 
relation to the greater ease in bite and faster 
chewing speed linked to these characteris- 
tics. We have observed that, of the herbage 
chemical components, more than any 
other, the mean level of CP alone is a valid 
indicator of pasture quality. In particular, we 
have determined that CP values lower than 
16% of DM indicate pasture of poor quality, 
and this was confirmed by the low levels of 
intake observed under these conditions 
(Avondo et al . , 2002). 

In any case, the correlation between 
chemical components and intake, consider- 
ing the diverse pasture typologies, is rather 
weak. For natural pastures, it is difficult to 
assess pasture conditions based solely on 
undifferentiated data on chemical composi- 
tion. In fact, average chemical composition 
does not cater for all the qualitative differ- 
ences between pasture plants and certainly 
does not consider the spatial distribution of 
these species, which can be important in 
affecting the selective behaviour of sheep. 
For equal chemical-nutritive composition, in 



Fig. 5.1. Dense, low and uniform pasture: intake is very high; selective activity is limited. 
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Fig. 5.2. Highly heterogeneous pasture: intake may be limited due to an increased selective activity. 



Fig. 5.3. Pasture with high botanical heterogeneity but structurally compact: the sheep may have difficulty 
selecting the preferred parts. 
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a pasture with a heterogeneous structure 
where selective activity (which subtracts time 
from intake activity) is very high, intake lev- 
els are lower than those observed on a 
dense and uniformly distributed pasture, 
which renders selection activity very difficult. 

Selection of forage by sheep therefore 
plays a very important role, not only in diet 
quality but also in herbage intake, acting as 
a greater intake-limiting factor than forage 
availability (Iskander, 1973). A typical 
example of the limiting role of selective 
behaviour on intake is illustrated by the case 
of sheep that have a highly selective behav- 
iour towards forage plants of a high nutri- 
tional level or of high palatability. When 
these plants start to diminish due to selective 
activity, the animals reduce herbage intake, 
even if the biomass availability and pasture 
quality remain high (Ruyle and Dwyer, 
1985). As to what induces sheep to select 
one species or another, it has been hypoth- 
esized (Arnold and Dudzinsky, 1978; 
Provenza, 1995; Forbes and Provenza, 
2000) that sheep display a sort of selective 
‘wisdom’ that, while minimizing metabolic 
discomfort, allows them to eat in relation to 
their nutritional requirements and to discard 
toxic plants. 

In general, sheep demonstrate prefer- 
ence for the morphological parts of plants 
and species that are more digestible and 
richer in CP. As these characteristics are the 
prerogative of plant shoots and younger 
plants, selection seems to be determined by 
the ease of recognition and prehension. 
Selective tendency towards a protein-rich 
and digestible diet is therefore more marked 
the greater the number of botanical species 
present in the pasture, as long as botanical 
heterogeneity is associated with differentia- 
tion in spatial distribution of the various 
species (Black and Kenney, 1984). In vetch 
and barley pasture, which is highly diversi- 
fied in structure and in growth habit, the 
advantage of simultaneously having two for- 
age typologies, with chemical-nutritive 
characteristics that are complementary, is 
sometimes negated by the highly selective 
feeding activity of the sheep. In these pas- 
ture conditions sheep do not exclusively 
select one species or another, but they 
select the two different species at different 


times. For example, during the earlier part 
of the day they graze vetch exclusively, with 
an incredible capacity for discarding any 
portions of barley they unintentionally bite; 
later in the day, with the same care, they 
exclusively select barley. In order to avoid 
negative consequences from such highly 
selective activity, it is essential that the pas- 
ture be kept low in height (not over 8-10 
cm) and at high density, by choosing suitable 
agronomic practices and adequate stocking 
rates. 

With regard to the choice of mor- 
phological parts of the single plant, species 
with erect growth habit, such as most 
forage grasses, offer a better chance of 
selection than creeping species, such as 
some spontaneous or cultivated legumes 
(Table 5.4). 

Palatal sensitivity to the presence of 
soluble sugars (e.g. in Graminaceae) or to 
particular substances (e.g. in Cruciferae or 
certain Compositae) sometimes leads ani- 
mals to prefer those with lignified compo- 
nents rather than others with greater 
nutritional value. An example of this type is 
illustrated in Table 5.5: in a pasture com- 
posed of 35% spontaneous Graminaceae, 
25% Vicia spp., 25% Trigonella foenum 
graecum and 6% Cruciferae, we observed 
that sheep completely rejected Trigonella 
from their diet, well known for its poor 
flavour, preferring instead lower-protein, 
less digestible species. The result of this 
behaviour was a lower protein level in the 
selected diet with respect to the pasture 
available, contrary to what normally occurs 
(D'Urso et ai, 1998). 


5.3.3 Feed supplementation 

The feeding behaviour of grazing sheep can 
change substantially when a feed supple- 
ment is provided. The most marked behav- 
ioural response is the change in the pasture 
intake level. Following administration of a 
supplement, herbage intake often dimin- 
ishes noticeably; sometimes it remains 
unchanged; in extreme cases it can even 
increase. 

We therefore need to define the ‘substi- 
tution effect’ (S), which represents the 
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Table 5.4. Protein and digestible organic matter content of the whole plant and of selected parts of various pasture 
species. 


Crude protein Digestible organic 

(% DM) matter (% DM) 


Botanical 

species 

Growth 

habit 

Whole 

plant 

Selected 

part 

Whole 

plant 

Selected 

part 

Grasses 

Barley 

Erect 

18.2 

25.4 

68.1 

72.0 

Bromus spp. 

Erect 

15.8 

23.7 

69.1 

73.7 

Mixed pasture 

Erect 

10.1 

16.8 

62.6 

69.8 

Mixed pasture 

Erect 

8.8 

11.3 

73.4 

76.6 

Mixed pasture 

Erect 

10.8 

16.7 

- 

- 

Legumes 

Vetch 

Creeping 

20.9 

22.2 

66.4 

69.1 

Clover 

Creeping 

21.4 

26.5 

75.1 

75.6 

Mixed pasture 

Creeping 

16.4 

18.0 

68.4 

68.2 

Mixed pasture 

Creeping 

16.8 

20.7 

- 

- 


Avondo M., personal data. 


change in forage intake per unit of supple- 
ment provided, expressed in terms of either 
dry matter or net energy (Dulphy, 1978). 
The value of S normally lies between 0 and 
1, but, in particular conditions, can even be 
less than 0 or greater than 1. It is evident 
that the lower the substitution effect, the 
higher will be total feed intake. 

The substitution effect varies greatly in 
relation to many variables linked to the char- 
acteristics of the pasture and the supple- 
ment. The animal response to the 
supplement can vary in relation to the avail- 
ability and qualitative level of herbage. 
When the quantity of herbage is low or qual- 
ity is poor, the supplement causes an 
increase in total dry matter intake and 
improves animal productive performance, 
as the substitution effect in such conditions 
is scarce or nil. In contrasting conditions, 
the feed supplement efficacy is almost nulli- 
fied due to the high substitution effect 
(Newton and Young, 1974); in fact, a good 
pasture allows very high intake levels and, 
often, sufficient to satisfy ovine require- 
ments. Supplementation (which is normally 
willingly consumed as it is low in volume and 
highly palatable to sheep) therefore results 
in an inevitable reduction in pasture intake. 

Changes to the quantity or quality of 


the supplement administered can cause var- 
ious responses in relation to pasture condi- 
tions as the qualitative-quantitative 
characteristics of the diet sources interact, 
affecting ruminal functionality. Generally, as 
supplementation administration increases, 
so does the substitution rate (Allden, 1969; 
Freer et al, 1985). The protein level of the 
supplement can affect intake (Avondo et al., 
1997): our research work led us to hypoth- 
esize that sheep are capable of self-regulat- 
ing intake in relation to their protein 
requirements. Therefore, when the herbage 
protein level is high, a supplement with a 
high protein content results in a marked 
reduction in forage intake. On the other 
hand, in a highly lignified pasture, a high- 
protein supplement (20-22% CP) can even 
cause increased forage intake (in this case S 
would be less than 0), due to the improved 
ruminal function deriving from adequate 
protein levels. 

To conclude, as the pasture is the least 
expensive portion of the feed, the objective 
of the farmer, except in exceptional circum- 
stances, should be to maximize herbage 
intake; if a feed supplement is considered 
necessary, the substitution effect should be 
kept to a minimum by adapting the quantity 
and quality of the supplement to the pasture 
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Table 5.5. Chemical and botanical composition of a pasture and the relative selected diet by lactating ewes (D’Urso 
etal., 1998). 


Botanical 
composition (%) 

Pasture 

Selected diet 

Crude protein 

(% DM) 

NDF 
(% DM) 

Vicia spp. 

25 

23 

20.8 

33.7 

Trigonella foenum graecum 

25 

0 

18.8 

27.9 

Graminaceae 

35 

52 

CO 

CO 

43.9 

Cruciferae 

6 

16 

18.3 

35.7 

Pasture available 

- 

- 

14.4 

36.8 

Diet selected 

- 

- 

12.8 

39.5 


characteristics. The concentrate protein 
level, with the exception of cases in which 
herbage is at an advanced biological stage, 
should not exceed 14-15% of dry matter, as 
it should take into account the tendency of 
animal selectivity in favour of plants with 
higher protein levels. Even in grazing condi- 
tions less favourable to selectivity (high den- 
sity, height not over 10-15 cm, structural 
and/or botanical uniformity), the animal is 
nearly always capable of selection. This 
facility enables the grazing animal to feed on 
a diet characterized by a protein level at 
least 10-15% higher than the actual protein 
levels in the available herbage (Avondo et 
al., 1996). 

5.4 Prediction of Pasture Intake in Dairy 
Sheep in Mediterranean Areas 

5.4.1 Dry matter intake 

It is now clear that pasture intake is the 
result of a highly complex behavioural 
mechanism, affected by the interaction of 
numerous diverse factors. This makes pre- 
diction complicated. During the last 30 
years a large number of grazing models 
have been developed (Elsen et al., 1988). 
However, the available models are based on 
genetic types, environmental conditions 
and, last but not least, production systems 
very different to those relative to dairy sheep 
in Mediterranean areas. The last aspect 
plays a fundamental role in determining 
intake; most dairy sheep production systems 
implement short grazing periods that 


involve taking the ewes to pasture after the 
morning milking and bringing them back 
indoors before the afternoon milking (5-8 h 
grazing per day depending on the season). 

Furthermore, as the lactation periods 
with greater nutritive requirements often 
coincide with periods of scarce forage avail- 
ability, the need arises, at least during the 
initial stage of lactation, for a hay-based or 
concentrate-based supplement. This under- 
lines the importance of obtaining intake 
data or utilizing prediction systems deriving 
from local experimentation. 

In an experimental study lasting about 
10 years aimed at studying the grazing 
behaviour of dairy sheep, we have gathered 
considerable data on individual intake and 
selective behaviour, which allowed us to 
propose an intake model that can be 
applied to Mediterranean systems (Avondo 
et al., 2002). 

In the pasture conditions we analysed, 
characterized by high botanical and struc- 
tural heterogeneity, often modest herbage 
availability and poor chemical-nutritive 
characteristics, intake is affected by the fol- 
lowing parameters: 

• Biomass. 

• Herbage protein level and dry matter 
content. 

• Pasture height. 

• Milk production. 

• Feed supplementation. 

Data obtained enabled us to identify condi- 
tions in which the pasture becomes ‘limiting 
on intake’, these are: 
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Table 5.6. Prediction model for pasture intake (5-6 hours) in dairy sheep (Avondo etal., 2002). 


Crude protein < 16% DM 
I = 335.6 + 1 13.5 B a + 0.28 FPCM b - 0.56 S c 
For crude protein > 16% DM 

y = 997.1+73.9 B a - 27.4 H d + 20.4 DM e + 0.16 FPCM b - 1 .24 S c 


a Biomass (t DM/ ha); b fat (6.5%)- and protein (5.8%)-corrected milk yield (g/day) (Pulina et at., 1 989); c supple- 
ment (protein, g/day) of CP administered indoors; d pasture height (cm); e pasture dry matter content (%). 


Crude protein > 16% DM and biomass 

< 1 t/ha, or 

Crude protein < 16% DM and biomass 

< 2.5 t/ha. 

Grass height significantly influences intake 
when the pasture has good qualitative char- 
acteristics (CP > 16% DM), whereas it has 
no effect when the pasture is poor (CP < 
16% DM). Indeed, in the latter case intake 
is inhibited mainly by the unfavourable 
chemical-nutritive characteristics, rather 
than by the structure. Processing of data 
resulted in the formulation of two linear 
equations for prediction of diversified inges- 
tion for the two qualitative levels of the pas- 
ture (CP < 16% or CP > 16% DM) (Table 
5.6) 


5.4.2 Protein level of the selected diet 

In dairy sheep farming, rational feed supple- 
mentation should take into account not only 
herbage intake, but also the qualitative char- 
acteristics of the herbage, which, as previ- 
ously discussed, rarely coincide with those of 
pasture herbage. Figure 5.4 schematically 
illustrates the factors that affect selection. 
To the left, enclosed by the dashed line, are 
parameters that affect selective grazing: the 
degree of pasture heterogeneity and its 
structure. As already seen, sheep, that are 
faced with a pasture widely differentiated 


morphologically, have a greater capacity to 
select more desirable plant parts. Moreover, 
a low herbage density in association with 
height over 10 cm makes for easier selec- 
tion. The right side of the diagram repre- 
sents variables - circled by the continuous 
line - that affect selection to a varying 
extent, in that they induce animal self-regu- 
lation in nutrient intake: 

• Nutritive requirements, which, if high, 
lead animals to select less intensively in 
order to reach higher intake levels. 

• Pasture quality, which, if poor in nutritive 
value, results in more intense search for 
more digestible or protein-rich plants. 

• The CP content provided with the sup- 
plement, which, if high, leads animals to 
select less intensively to limit protein 
intake. 

As sheep demonstrate an intense selective 
activity above all towards protein-rich 
plants, we identified a selectivity index for 
CP defined by the ratio between CP in the 
selected diet and CP in the available 
herbage. Based on observations of selective 
behaviour on about 300 lactating ewes, we 
developed a linear equation for prediction of 
the selection index for CP (Table 5.7). The 
prediction models for dry matter intake at 
pasture and for CP content in the diet 
selected are included in the Assis-T rationing 
programme (see Chapter 12). 
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Pasture 

density/height 


Degree of 
pasture 
uniformity 




Fig. 5.4. Role of some parameters related to the pasture, management and the animal in sheep grazing 
selectivity. Parameters in the circle with dashed lines affect selectivity in relation to ease of bite; parame- 
ters in the circle with the continuous line affect selectivity in relation to animal requirements (Avondo et 
a!., 2000). 


Table 5.7. Protein content prediction of pasture (selected diet). 


CP of selected diet = CP x SICP, where: 
SICP = 1 .65 - 0.00196 S - 0.02089 CP 


SICP, selectivity index for CP; S, supplement (g CP/day); CP, CP content of available herbage (% DM). 
Avondo M. (unpublished). 
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6.1 Introduction 

Milk production with dairy ewes requires 
more intensive systems and more nutrients 
per animal than are usually necessary for 
meat or wool production systems. During 
lactation, nutrient requirements may be very 
high. Inadequate feeding may reduce both 
the daily milk production and the length of 
the lactation. Adequate feeding requires 
proper balancing of rations. This, in turn, 
requires estimation of the nutrient require- 
ments and feed intake of the animals and of 
the nutritive value of the feed. Proper feed- 
ing strategies for the lactating ewe cannot 
be based simply on what is known about 
dairy cows. Even though much of the infor- 
mation available for dairy cattle is valid for 
dairy sheep, it is necessary to be aware of 
the differences between the two species to 
avoid using inappropriate feeding strategies 
for the lactating ewe. 


6.2 Dairy Sheep are Not Just Dairy Cows 
Ten Times Smaller 

Recommendations for feeding dairy sheep 
are often derived from research on dairy 
cows, whose nutrition and feeding manage- 
ment have been studied more extensively. 
Even though both sheep and cattle are rumi- 
nants and have many similarities, they tend 
to have different feeding strategies and are 
also different in some physiological func- 
tions (e.g. wool growth). 


Some of the most important differences 
between the two species are related to their 
body size. Dairy sheep are, in general, 
10-12 times smaller than dairy cows. Many 
studies have shown that in both species the 
total volume of the gastrointestinal (GI) tract 
(as measured by liquid contents) makes up 
13-18% of the body volume (Parra, 1978). 
As adult ruminants increase in size, the wet 
fermentation contents of the GI tract 
increase in direct proportion to bodyweight 
(Demment and Van Soest, 1985). This 
means that the volume (as defined above) of 
the GI tract of a 60 kg ewe is, on average, 
tenfold smaller than that of a 600 kg cow. 
However, as the bodyweight increases, 
there is a lower proportional increase in 
energy requirement for maintenance. 
Maintenance energy requirements are pro- 
portional to the 0.75 power of bodyweight 
(BW 0 - 75 , often called metabolic weight, 
MW). The 1NRA system (INRA, 1988) 
reports that maintenance requirements are 
equal to 56.1 and 70.0 kcal of net energy 
for lactation (NEL)Ag of MW for sheep and 
cattle, respectively. This means that the 
maintenance requirements of a 600 kg (MW 
= 121.2 kg) cow are only sevenfold higher 
than those of a 60 kg (MW= 21.6 kg) ewe. 
An index of the fermentative capacity may 
be estimated by dividing the liquid contents 
of the GI tract by the maintenance energy 
requirements. The resulting fermentative 
capacity curve (Fig. 6.1) shows that cattle 
tend to have more GI tract contents per unit 
of energy required for maintenance than do 
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Fig. 6.1. Effect of bodyweight on gastrointestinal tract (Gl) contents, maintenance energy requirements (net 
energy, NE) and fermentative capacity. For greater clarity, energy requirements for maintenance are con- 
sidered to be equal to 65 kcal/NE/kg of metabolic weight for the whole BW range considered, even 
though these requirements differ depending on the species (see text). 


sheep. This implies that cattle can ‘store’ 
more feedstuff in the GI tract for each unit 
of energy required for maintenance than 
sheep. 

Many feed components (mainly cellu- 
lose and hemicellulose, but also insoluble 
protein and starch) have low rates of degra- 
dation. The completeness of fermentation is 
highly dependent on the time they spend in 
the rumen (retention time). The longer they 
are fermented in the rumen, the more they 
are digested (up to a certain limit). In prac- 
tice, if sheep and cattle are fed the same 
fibrous feedstuff, cattle tend to digest it more 
thoroughly because they have more room, 
and they can retain the feed in the rumen 
for a longer period (Table 6.1). This differ- 
ence in digestibility is maintained even at 
high feeding levels (Blaxter et ai, 1966). 

These facts have important practical 
implications. Sheep have to speed up the 
passage of feedstuff in the rumen (i.e. 
decrease the retention time) to compensate 
for their low fermentative capacity. Thus, 
sheep need to eat more feed per day (as % 
of BW) than do cattle to satisfy their require- 
ments, but they digest it less thoroughly. 
Despite this, the total amount of nutrients 


digested per day, proportionally, is usually 
higher due to the higher intake of dry mat- 
ter. This explains why high-producing dairy 
sheep may have a level of intake of between 
4% and 6% of their bodyweight, while in 
high-producing cows this figure does not 
usually exceed 4%. The difference in level of 
intake explains most of the difference in 
rumen feed retention time between sheep 
and cattle (Cannas and Van Soest, 2000). 

Another way that sheep deal with this 
problem is by exercising greater feed selec- 
tion (Van Soest, 1994). They tend to 
choose feeds or parts of feeds (young stems, 
leaves, buds) that are of good quality and 
whose digestibility is less affected by ruminal 
retention time. In this, they are helped by 
their narrow muzzle and by the high mobil- 
ity of their tongue and lips. However, feed 
selection cannot be explained in terms only 
of body size. For example, even though 
sheep and goats have similar body size, 
when fed on the same mixed (grassland and 
shrubs) pasture, they showed quite different 
behaviour, with goats preferring shrubs, and 
sheep herbs (Leclerc, 1985). 

Sheep and cattle differ also in their 
chewing activity. Sheep spend between nine 
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Table 6.1 . Apparent digestibility and retention times for ruminants fed the same medium-quality timothy hay ad libi- 
tum (Uden and Van Soest, 1982; Uden etal., 1982). The intake per kg of BW was higher in goats and sheep than in 
cattle. As a result, ruminal retention time and dietary total tract digestibility were highest in cattle. 


Item 

Caprine 

Ovine 

Bovine 

Body weight (kg) 

29 

30 

555 

Intake of dry matter 

g/day 

700 

650 

7830 

g/kg BW 

24.3 

21.7 

14 

g/kg BW° 75 

56 

51 

68 

Digestibility (%) 

Dry matter 

47 

47 

54 

NDF 

44 

44 

52 

Retention time of forage particles 

Rumen (h) 

28 

35 

47 

Whole Gl tract (h) 

52 

70 

79 

Ratio: rumen/entire 

54 

50 

59 

Gl tract 


BW: body weight; NDF: neutral detergent fibre; Gl: gastrointestinal. 


and 16 times longer than cows in eating, and 
ruminate 1 kg of dry matter (De Boever et al . , 
1990). Sheep have to chew more than cattle 
because they are smaller animals and their 
chewing activity is less powerful. Sheep also 
have to grind the particles more finely than 
cattle in order that these may pass through the 
rumen and the other compartments of the 
foregut (Van Soest, 1994). This behaviour 
was clearly demonstrated when lactating dairy 
cows (Holstein) and dairy sheep (Sarda) were 
fed a pelleted total mixed ration as their only 
feed (Table 6.2). While sheep needed more 
than 1 h to ruminate 1 kg of dry matter, cows 
ruminated very little. Indeed, while sheep were 
doing well on this diet and were producing a 
good quantity of milk, the milk yield of the 
cows dropped, there was less milk fat and 
clear signs of acidosis occurred. 


Since there is a limit to the amount of 
time a ruminant can spend ruminating 
(10-11 h/day; Welch, 1982), intake tends 
to be limited in sheep more than in cattle by 
the particle size of diets containing long hay. 
This fact, and the lower fermentative capac- 
ity of sheep, explains why grinding often 
increases the intake of forage and why the 
response is stronger in sheep than in cattle. 
A comparison between sheep and cattle fed 
three different diets: (i) high-quality dehy- 
drated ryegrass (A); (ii) medium-quality dehy- 
drated ryegrass (B); and (iii) a mix of 
medium-quality ryegrass and barley grains 
(C) - presented in either long or ground and 
pelleted form - showed that grinding and 
pelleting: (i) increased intake more in sheep 
than in cattle; (ii) increased intake more in 
young animals than in adult animals; and (iii) 


Table 6.2. Intake and chewing activity of cows and sheep fed the same pelleted total mixed ration as sole feed 
source (Rossi, 1994, cited by Van Soest etal., 1994). 


Variable 


Dairy cows Dairy ewes 


Intake 

(kg of DM/day) 

8.4 

1.2 

Eating time 

(min/day) 

110.7 

56.0 

Rumination time 

(min/day) 

19.4 

78.5 

Total chewing time 

(min/day) 

130.1 

134.5 

Eating efficiency 

(min/kg of DM) 

13.1 

46.3 

Rumination efficiency 

(min/kg of DM) 

2.3 

64.9 

Total chewing efficiency 

(min/kg of DM) 

15.4 

111.2 
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Table 6.3. Effects of grinding and pelleting various diets on intake in sheep and cattle (Greenhalgh and Reid, 1973). 





Sheep 



Cattle 



Age (months) 

6 

18 

36 

6 

18 

36 


Bodyweight (kg) 

49 

72 

83 

272 

464 

614 

Diet Form 

Intake 







A Long 3 

(g/kg of BW) 

21.9 

18.1 

23.8 

20.5 

19.9 

15.7 

Ground and 
pelleted 13 

difference in (%) 

+59 

+46 

+29 

+18 

-17.1 

+5 

B Long 3 

(g/kg of BW) 

17.8 

15.2 

18.0 

19.6 

15.9 

13.7 

Ground and 
pelleted 13 

difference in (%) 

+76 

+74 

+61 

+31 

+21 

+30 

C Long 3 

(g/kg of BW) 

22.0 

17.5 

24.6 

20.5 

19.7 

17.3 

Ground and 
pelleted 13 

difference in (%) 

+49 

+25 

+11 

+20 

0 

0 


A, perennial ryegrass, 2nd cut, harvested 7 weeks after the 1st cut (NDF 59%, CP 19%, ADL 3.3%); B, perennial rye- 
grass, 2nd cut, harvested 12 weeks after the 1st cut (NDF 64%, CP 16.6%, ADF 4.1%); C, 60% hay B and 40% 
milled and pelleted barley. 

3 Fong (baled) for cattle, coarsely chopped (5 cm screen) for sheep. 
b Chopped (1.44 cm screen) and pelleted through a 16 mm die. 


increased intake in inverse proportion to 
dietary quality (B > A > C) (Table 6.3) 
(Greenhalgh and Reid, 1973). However, 
even in ground diets the total daily intake of 
digested dry matter was higher for high- 
quality than for low-quality diets. 

Intense rumination in sheep can also be 
important when the diet includes grains. 
Rumination reduces the particle size and 
increases the ruminal digestibility of grains, 
and therefore of starch. Sheep tend to chew 
grains more finely than cattle. This may 
explain why highly digestible diets ( > 66%) 
tend to be digested better by sheep than by 
cattle, while with poorly digestible diets cat- 
tle are more efficient (Mertens and Ely, 
1982). 

In conclusion, compared to cows, 
sheep: 

• Have to eat more to satisfy their mainte- 
nance requirements. This results in a 
higher passage rate of feed and lower 
fibre (forage) digestibility. 

• Tend to have a more selective feeding 
pattern. 

• Are more affected in their intake by the 
particle size and the fibre content of the 
forage. 


• Have to spend more time eating and 
ruminating each kg of feed. 

• Tend to have higher digestibility for 
grains and high-energy diets. 

6.3 Feed Evaluation for Dairy Sheep 

Most feeding systems for sheep were devel- 
oped for meat or wool breeds (NRC, 1985; 
CSIRO, 1990; AFRC, 1995). Only the 
French INRA system (INRA, 1987, 1988) 
specifically considered dairy sheep require- 
ments. This is why it is the most widely used 
system in the Mediterranean countries, 
where dairy sheep are particularly common. 

The INRA system (INRA, 1988) has 
been criticized because diets formulated with 
this system tend to underestimate feed 
allowances, especially when medium-low- 
quality forages are used (DellAquila et al. , 
1978; Pilla et al., 1993, 1994; Bianchi et 
al., 1994). One of the main problems of the 
system is that the energy value of feed is 
estimated assuming that the animals are fed 
at near-maintenance feeding levels. It is, 
however, well known that when the level of 
intake is high, as always occurs in lactating 
ewes, the rate of passage of feed increases. 
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Level of nutrition (total energy intake/maintenance requirements) 

Fig. 6.2. Relationship between level of nutrition and energy balance (daily UFL intake-daily UFL require- 
ments) in ewes fed diets balanced with the INRA (1988) system (Cannas, 2000; Serra ef a/., 1998). One 
UFL (Unite Fourragere Lait) = 1.7 Meal of NEL. Three heavy outliers were discarded. 


Thus, the digestibility of slowly fermenting 
feed fractions (mostly fibre) is less than that 
for animals fed at near maintenance. In the 
case of lactating cows the INRA system 
(INRA, 1988) compensates for this effect by 
increasing the requirements of the cows in 
proportion to their feeding levels and their 
intake of concentrates. No corrections are 
used for sheep, despite the fact that sheep 
are often fed at feeding levels similar to or 
higher than those typical of dairy cows, and 
that sheep have a faster feed passage rate 
than cows when fed at the same feeding 
level (Van Soest, 1994). 

The accuracy of the INRA system was 
tested, as regards calculation of the energy 
balances, by using published experiments in 
which 32 different dietary treatments were 
applied to lactating dairy sheep (Serra etal., 
1998; Cannas, 2000). The energy balances 
were calculated as the difference between 
net energy intake (UFL/day, as reported in 
each publication) and net energy require- 
ments of the ewes (UFL/day, estimated on 
the basis of BW, BW variations, and milk 
yield and quality reported in the publica- 
tions). These energy balances were then 
regressed, after discarding three large out- 


liers, against the feeding level (total energy 
intake divided by energy requirements for 
maintenance) observed for each feeding 
treatment (Fig. 6.2). The results showed that 
as the nutritional level increased, the energy 
balance, which in theory should always be 
equal to zero, increased linearly. This could 
be the result of either an overestimation of 
the energy content of feeds or an underesti- 
mation of the energy requirements, or both. 
The energy balances were also expressed as 
a percentage of each UFL consumed (Fig. 
6.3). The results demonstrated that the 
trend shown in Fig. 6.2 was not due to the 
accumulation of a fixed error, which 
increased as energy intake increased, but to 
an error that increased in proportion to the 
increase in the feeding level. It seems, then, 
that the INRA system becomes less accurate 
as the feeding level increases. Even though 
(because of the methodology used) it was 
not possible to be sure whether the error 
was due to overestimation of the energy 
value of the feed, or to underestimation of 
the energy requirements, the first hypothe- 
sis seems to be more likely than the second. 
The effect of feeding level on ovine dietary 
digestibility is well known (Blaxter et ai, 
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Level of nutrition (total energy intake/maintenance requirements) 

Fig. 6.3. Relationship between energy balance (daily UFL intake-daily UFL requirements), expressed as % 
of the daily total energy (UFL) intake, and nutrition level in lactating ewes fed diets balanced with the 
INRA (1988) system (Cannas, 2000; Serra ef a/., 1998). Three heavy outliers were discarded. 


1966; Robertson and Van Soest, 1975). 
Despite this, data exist for only a few calori- 
metric and digestibility experiments on lac- 
tating ewes fed at high feeding levels. 

For this reason, the effect of the feeding 
level on the nutritive value of the feeds used 
by sheep may be estimated by following the 
approach used for cows in some recent feed 
evaluation systems, such as the Van Soest 
discount system (Van Soest and Fox, 1992) 
and the CNCPS (Fox ef ai, 2004). The 
CNCPS has recently been adapted to sheep 
and the results showed that this model quite 
accurately predicted dietary digestibility at 
various feeding levels (Cannas ef a/., 2004). 

6.4 Diet Formulation for Dairy Sheep 

One of the main objectives of diet formula- 
tion is to estimate the optimal dietary con- 
centration of nutrients. This is obtained by 
dividing nutrient requirements by predicted 
DM intake. The diet is then balanced by 
combining available feeds so that the dietary 
concentration of nutrients matches the con- 
centration of nutrients required by the ani- 
mal. 


In the following section, the existing 
information on optimal dietary nutrient con- 
centrations for lactating ewes is summa- 
rized. 


6.4.1 Energy concentration 

The optimal energy concentration (UFL or 
NEL/kg of DM) can be estimated by using 
energy requirements and feed intake as pre- 
dicted by any of the published feeding sys- 
tems. If the French system is used, the 
previously mentioned overestimation of the 
energy content of the feeds at a high level of 
nutrition (Figs 6.2 and 6.3) suggests that 
feed allowances are often underestimated. 
For this reason, it has been suggested that 
the French system could be adapted for lac- 
tating ewes by increasing the actual require- 
ments by a factor proportional to the 
overestimation of feed value observed in 
Figs 6.2 and 6.3. This correction led to the 
publication of optimal dietary energy con- 
centrations for lactating ewes with different 
BW and milk yields (Table 6.4) (Serra et ai, 
1998). This table was obtained by dividing 
the requirements, modified as described 
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Table 6.4. Optimal energy concentration of the diet (UFL/kg of DM) for lactating ewes estimated assuming zero 
energy balance (Serra etat., 1998). These values were estimated by increasing the energy requirements of the ewes 
in proportion to their feeding level (see text). 


FCM a Bodyweight (kg) 


(kg/day) 

30 

35 

40 

45 

50 

55 

60 

65 

70 

0.5 

0.65 

0.66 

0.67 

0.67 

0.67 

0.68 

0.68 

0.69 

0.69 

1.0 

0.76 

0.76 

0.76 

0.76 

0.76 

0.76 

0.76 

0.76 

0.76 

1.5 

0.85 

0.84 

0.84 

0.83 

0.83 

0.83 

0.83 

0.82 

0.82 

2.0 

0.92 

0.91 

0.90 

0.90 

0.89 

0.89 

0.88 

0.88 

0.87 

2.5 



0.96 

0.95 

0.94 

0.94 

0.93 

0.93 

0.92 

3.0 





0.99 

0.98 

0.98 

0.97 

0.96 

3.5 







1.01 

1.01 

1.00 

4.0 









1.03 


a 6.5% fat-corrected milk yield (Pulina etat., 1989). 


above, by the intake predicted by using an 
equation developed for dairy ewes (Chapter 
5). The values in the table assume that the 
INRA (1988) method of feed evaluation is 
used. However, the energy concentrations 
of Table 6.4 have an anomalous pattern at 
low milk yields, because the energy concen- 
tration increases as bodyweight increases, 
while the contrary should occur. This may 
be because only few data were available on 
ewes with high BW and low milk yields. 
Despite this limitation, Table 6.4 provides 
useful reference values for balancing the 
diets of lactating ewes. 


6.4.2 Protein concentration 

Optimal dietary protein concentration (g/kg 
of DM) should be calculated by dividing the 
required metabolizable protein (PDI or MP 
depending on the system used; see Chapter 
3) by the predicted DM intake. However, 
when this approach is used the diets bal- 
anced for PDI or MP are often quite low in 
CP concentration, with values ranging 
between 11% and 15% CP (DM basis). 
These values are lower than those reported 
for lactating dairy cows (NRC, 1988). 

Moreover, several experiments in which 
various dietary CP concentrations were 
tested in lactating ewes found that the high- 
est milk yield was obtained with dietary CP 
of around 17-18% (DM basis) in both early 


(Gonzalez et al., 1982, 1984; Robinson, 
1987) and mid-late lactation (Pulina et al., 
1990; Cannas et al., 1998). In many of 
these experiments, the diet was rich in 
escape protein (protein not fermented in the 
rumen, but digested in the small intestine) of 
high biological value, such as fish meal. This 
suggests that in many cases sheep require 
more protein than predicted. For this rea- 
son, optimal dietary CP concentrations for 
lactating ewes of various milk yields and BW 
are reported in Table 6.5. The values were 
based on several published feeding experi- 
ments in which different dietary CP concen- 
trations were tested in lactating ewes (Serra 
et al., 1998). Since lactating ewes usually 
have higher levels of intake than cows, the 
concentrations reported in Table 6.5 imply 
that lactating ewes should have a higher 
daily intake of CP per kg of BW than lactat- 
ing cows. The high CP requirement per kg 
of BW may be explained by the fact that 
sheep require high quantities of sulphur- 
containing amino acids to produce wool 
(Bocquier et al., 1987), suggesting that 
methionine, the essential amino acid pre- 
dominately required for wool production, 
may be a limiting factor. The lack of any 
specific essential amino acid may result in 
serious dietary imbalances and waste of pro- 
tein. Indeed, an experiment carried out on 
ewes at the beginning of the lactation 
showed that supplementing suckling ewes 
with rumen-protected methionine increased 
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Table 6.5. Dietary CP concentration (% of DM) suggested for different BW and milk yields (Serra etal., 1998). 

5% true protei 
milk (kg/day) 




Bodyweight (kg) 




n 

30 

35 

40 

45 

50 

55 

60 

65 

70 

0.5 

16.6 

15.8 

15.1 

14.8 

14.5 

14.0 

13.7 

13.3 

12.9 

1.0 

17.7 

16.9 

16.5 

15.9 

15.6 

15.0 

14.5 

14.3 

13.9 

1.5 

18.5 

17.7 

17.4 

16.7 

16.4 

15.9 

15.7 

15.2 

14.8 

2.0 

19.1 

18.7 

18.1 

17.7 

17.2 

16.6 

16.4 

15.9 

15.7 

2.5 



18.9 

18.3 

17.8 

17.5 

17.0 

16.6 

16.4 

3.0 





18.6 

18.0 

17.6 

17.3 

16.9 

3.5 







18.3 

17.8 

17.6 

4.0 









18.0 


milk production and the growth rate of their 
lambs (Lynch et al., 1991). Moreover, 
sheep tend to have higher rates of passage 
of feed than cattle (Van Soest, 1994) for 
similar physiological stages, and conse- 
quently greater wastage of feed protein. The 
fact that feed proteins are usually of lower 
biological value than bacterial proteins sug- 
gests that MP may be used less efficiently in 
lactating ewes than in lactating cows. 
However, it is also known that a high rate of 
passage of feed through the rumen 
increases microbial yield and efficiency 


(Robinson et al., 1985; Djouvinov and 
Todorov, 1994). 

Feed protein quality, which is a combi- 
nation of the composition of essential amino 
acids and the percentage of escape protein, 
can markedly affect the milk yield of ewes, 
as is clearly shown in Fig. 6.4. 


6.4.3 Non-structural carbohydrates 

Non-structural carbohydrates (NSC) are 
composed mainly of simple sugars and 



- - 

Groundnut meal 

— * — 

Soybean meal 

- - -A- - - 

Linseed meal 

- -X- 

Fish meal 

■ 

Meat/bone meal 

• 

Blood meal 


165(9.4%) 235 (12.8%) 295(16.1%) 350(19.1%) 

Daily intake of crude protein (g/day) 


Fig. 6.4. Effect of different amounts and sources of protein in ewes (67 kg BW) in the first month of lacta- 
tion. The lower protein level corresponds to a basal diet of hay, barley and molasses. Dry matter intake 
was restricted to 1 .8 kg/day for all diets. Numbers in brackets represent CP concentration in the diets 
(adapted from Gonzalez etal., 1982; Robinson, 1987). 
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starch. However, if, as is normally done, 
they are estimated by difference (NSC = 
100 - NDF-free-CP - EE - ash), they also 
include pectins (NDF, neutral detergent 
fibre; EE, ether extract). In this case it would 
be more appropriate to call them non-fibre 
carbohydrates (NFC), to avoid any confusion 
between chemically measured simple sugars 
and starch and the estimated sum of simple 
sugars, starches and pectins (Mertens, 
1997). For some types of feed (mostly 
grasses and cereals) the difference between 
NSC and NFC is small, but in other cases 
(legumes and many by-products) the differ- 
ence can be very large. Dietary NFC and 
NDF are usually highly and inversely corre- 
lated. NFC are a very important energy 
source for the ewes and their ruminal bacte- 
ria. However, an excess of simple sugars 
and starch may induce acidosis and other 
digestive and metabolic problems (0rskov, 
1986). 

In sheep, the effect of NFC dietary con- 
centration seems to be markedly affected by 
the stage of lactation. High-roughage diets 
(60:40 forage to concentrate) resulted in 
much lower milk yields than low-roughage 
diets (20:80 forage to concentrate, lower 
NFC content) in Finn-sheep ewes in the first 
weeks of lactation (Brown and Hogue, 
1985). 

In contrast, higher intake and milk 
yields were found in East Friesian ewes fed 
diets with 20% NSC from the 5th to the 7th 
month of lactation, when compared with 
ewes fed diets with 35% NSC, which in turn 
had higher positive BW variations (Cavani et 
ai, 1990). In lactating dairy sheep, diets 
ranging from 14 to 21% CP were compared 
from the 5th to the 8th month of lactation 
at two levels of NFC (on average, 29% vs. 
40%) (Cannas et ai, 1998). The ewes fed 
the diets with the lower NFC concentration 
had higher intake (2411 vs. 2195 g/day) 
and produced more milk (1428 vs. 1252 
g/day). This may have been the result of too 
much starch in the rumen with high NFC 
diets, which may have caused sub-clinical 
acidosis. Indeed, with these diets milk fat, 
milk lactose and milk pH were slightly lower 
than with the lower NFC concentration 
diets. It is also possible, however, that with 


the high NFC diets the energy was used 
more for body fat deposition than for milk 
production. This could be due to a high pro- 
duction of propionate, following a mecha- 
nism proposed by 0rskov (1986). In a 
recent experiment, three diets, differing in 
their forage (chopped dehydrated lucerne) 
to concentrate (cereal grains and soybean 
meal) ratio (90:10, 70:30, 50:50) and 
chemical composition (NFC ranging from 
32 to 43% and NDF from 43 to 31%), were 
fed to dairy sheep in the 8th month of lac- 
tation (Cannas et ai, 2000). The results 
showed that as the forage to concentrate 
ratio decreased, milk production also 
decreased and body weight increased. 

The results of these experiments show 
that NFC has different effects at different 
stages of the lactation. During early lactation 
large amounts of grains (NFC up to 
35-40%) may help a ewe with a negative 
energy balance to produce more milk, while 
at later stages large amounts of grains (and 
thus of NFC) may be detrimental, because 
they stimulate fattening but have negative 
effects on milk synthesis. 

However, dairy sheep nutrition in the 
second stage of lactation has not been inves- 
tigated as thoroughly as that of the early lac- 
tation period. It is clear that dairy sheep 
breeds have not been subjected to the same 
intense genetic selection as has occurred in 
dairy cows. This means that lactation is 
often not as persistent as in cows. In many 
dairy sheep breeds the ewes tend to use the 
nutrients more for body fat deposition than 
for milk production after the first months of 
lactation because their natural somato- 
tropin blood concentration decreases 
quickly. Indeed, in late lactation dairy sheep 
(Manchega breed) increased their milk yield 
remarkably (+ 60%) when treated with 
bovine somatotropin (bST) (Fernandez et 
ai, 1995). Dairy cows treated with bST 
behave as genetically superior cows do and 
tend to use the nutrients more for milk pro- 
duction than for body fat deposition (Peel 
and Bauman, 1987). It is possible that the 
high positive response of ewes to bST is a 
sign that there is much scope for improving 
milk production by genetic methods. 
Basically, this hormone artificially creates a 
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Table 6.6. Intake levels and concentrations of NDF in the diet of lactating sheep (BW 51.5 ± 8.3) grazed on pasture 
(Avondo and Cannas, 2001). 


FCM a (g/day) 

n 

DM 
intake 
(% of BW) 

NDF 
intake 
(% of BW) 

Dietary 
NDF 
(% DM) 

Forage 
NDF 
(% DM) 

Optimal 
NDF b 
(% DM) 

<500 

108 

2.78 ± 0.71 

1.14 ±0.29 

41.0 ±3.5 

46.3 ± 4.8 

44.5 

500-799 

275 

3.29 ±0.79 

1.36 ±0.36 

41.4 ±3.8 

46.9 ±5.4 

45.2 

800-1099 

156 

3.62 ±1.07 

1.43 ±0.41 

39.9 ± 4.6 

45.0 ±5.5 

44.5 

1100-1399 

51 

4.05 ± 0.93 

1.46 ±0.31 

36.6 ± 4.6 

41.5 ± 6.1 

41.2 

1400-1699 

22 

3.74 ± 0.89 

1.30 ±0.34 

35.0 ± 3.9 

38.7 ±5.0 

38.9 

1700-2100 

9 

3.72 ± 0.84 

1.20 ±0.27 

32.4 ± 0.8 

37.5 ± 2.3 

33.2 


a 6.5% fat-corrected milk yield (Pulina etal., 1989). 

b NDF concentration in the diet that maintains milk production and maximizes forage intake. 


hormonal balance that, in the future, could 
be achieved by genetic selection. 

Regardless of the genetic level of the 
ewes, it is clear that more research is 
needed to define optimal levels of NFC dur- 
ing lactation. Proper feeding strategies to 
account for the effect of NFC on milk yield 
are suggested at the end of the following 
section. 


6.4.4 Fibre 

The quantity of fibre in the diet influences 
both feed intake and ruminal fermentation. 
Despite this, there is very little information 
on the optimal, maximum and minimum 
quantity of fibre for ovine diets. None of the 
sheep feeding systems (NRC, 1985; INRA, 
1988; CSIRO, 1990; AFRC, 1995) con- 
sider this aspect. 

In order to study the fibre requirements 
of sheep, lactating dairy ewes were fed ad 
libitum a pelleted complete diet with fibre 
concentrations ranging from 32 to 40% of 
NDF. The ewes with the lowest fibre con- 
centration did not have digestive disorders, 
despite their high level of intake (4.75% of 
BW), and had similar milk yield to ewes fed 
higher dietary fibre concentration (Pulina et 
a!., 1995). 

Avondo and Cannas (2001) summa- 
rized the results of ten feeding trials con- 
ducted in Sicily over a period of 8 years, in 
which the average concentrations of NDF in 
the diets chosen by lactating ewes grazed on 


mixed pastures, with supplements of con- 
centrates and hay, were studied. In total, 
621 individual intake measurements on 210 
ewes were collected. The animals in the 
experiments were divided into classes 
depending on their milk production (Table 
6.6 and Fig. 6.5). The results showed that: 
(i) the average concentration of NDF in the 
diet was highest (41% of DM) for the two 
classes of sheep with the lowest production 
levels, and this gradually diminished to a 
minimum of 32.4% for the animals which 
produced more than 1700 g/day of 6.5% 
fat-corrected milk; (ii) the average concen- 
tration of NDF in the forage (grazing + hay) 
eaten by the ewes was almost constantly 5% 
higher than dietary NDF concentration in all 
classes; this suggests that sheep have a 
remarkable ability to control their fibre 
intake; and (iii) the DM intake level (as % of 
BW) was highest (4.05% of BW) with the 
diets at 37% of NDF. Milk production was 
highest when the DM intake was 3.7% of 
BW and the NDF intake was 1.2% of BW. 
This latter result is very similar to that con- 
sidered optimal (1.25% of BW) for dairy 
cows (Mertens, 1983, 1985). 

These data can be used to define pre- 
liminary optimal dietary NDF concentra- 
tions as the sum, for each productive class 
reported in Table 6.6, of the average dietary 
NDF concentration plus a standard devia- 
tion (last column of Table 6.6). In this way 
84% of the measurements of each produc- 
tive class are included. These values are con- 
sidered optimal for each milk yield class 
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Table 6.7. Optimal concentrations of NDF, CP and NFC depending on the productive levels of the sheep. The esti- 
mates refer to sheep with BW of 50 kg and assume a total dietary concentration of ash and fat around 12 % of DM. 


Production categories of 6.5% fat-corrected milk yield (g/day) 

<500 500-799 800-1099 1100-1399 1400-1699 1700-2100 


NDF (% DM) 

45.0 

45.0 

44.5 

41.2 

38.9 

33.2 

CP (% DM) 

14.5 

15.0 

15.5 

16.3 

16.7 

17.3 

NFC (% DM) 

28.0 

28.0 

28.0 

31.0 

33.0 

38.0 


because they maximize forage intake and 
minimize feeding costs. As a result, the opti- 
mal NFC levels in the diet (Table 6.7) can be 
estimated by subtracting the optimal con- 
centrations of NDF (Table 6.6), CP (Table 
6.5), ash (8-10%) and lipids (2-3%) from 
the DM. The maximum NFC and CP and 
the minimum NDF are probably more likely 
to occur in the first months of lactation, 
while lower concentrations of NFC and CP 
and higher NDF values should be considered 
during the second half of lactation. 


6.4.5 Fibre particle size 

As mentioned above, there are substantial 
differences between cattle and small rumi- 


nants with regard to chewing efficiency and 
the minimum dimensions of the fibre which 
can stimulate rumination. Thus the general 
recommendations on the dimensions of the 
fibre and the optimal quantity of long fibre 
for dairy cows (Mertens, 1997) cannot sim- 
ply be applied to dairy sheep. 

The minimum feed particle size that 
stimulates rumination plays a very important 
role in the ovine diet. Diets that contain too 
much long fibre limit intake due to their fill- 
ing effect. In addition, there is a limit to the 
number of hours per day for which a rumi- 
nant can ruminate (10 h/day; Welch, 
1982). This means that diets that are too 
rich in fibre are eaten only in limited quanti- 
ties because rumination takes too long. 

As shown previously, chopping and 
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6.5% fat-corrected milk yield (g/day) 

Fig. 6.5. The relationship between milk production and the concentration of NDF in the diet (Avondo and 
Cannas, 2001 ). 
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Table 6.8. The effect of ryegrass silage particle size and timing of cutting on intake and milk production in lactating 
ewes between the 1st and 4th weeks of lactation (Apolant and Chestnutt, 1985). 


Silage 


T yp e o f s||a ge Milk Lamb 


Length 

Tinning of 
cutting 3 

CP 

(%) 

pH 

PS b 

(%) 

intake 

(kg DM/day) 

yield 

(kg/day) 

growth 

(g/day) 

Short 

Early 

16.6 

3.75 

74 

1.45 

2.67 

254 


Late 

11.8 

3.96 

82 

1.03 

2.17 

199 

Long 

Early 

16.6 

3.75 

28 

0.93 

2.17 

200 


Late 

11.7 

4.22 

10 

0.76 

1.72 

156 


a Early cut: 16.6% CP; late cut: 11.8% CP; the diet was supplemented with 800 g/day of concentrates with 15.5% CP. 
b PS, particle size (% < 50 mm). 


grinding the feed is particularly beneficial for 
sheep (Table 6.3). Other experimental 
results showed that fine grinding of the for- 
ages can markedly increase intake and milk 
production in sheep (Apolant and 
Chestnutt, 1985) (Table 6.8). 

In another study, the effect of particle 
size was studied in Dorset, Finnish and 
Dorset x Finnish ewes during the first and 
the second months of lactation (Cannas, 
1995). The ewes were fed identical diets 
with only the length of the cut of the hay 
being different (ground hay with mesh sizes 
of 1, 2.4 and 12 mm) (Table 6.9). With the 
reduction in size of the fibre, both intake 
and milk production increased, daily pro- 
duction of milk fat did not change and daily 
production of milk protein increased signifi- 
cantly. The digestibility of the DM in the diet 
fell only slightly as the particle size was 
reduced, while that of NDF fell markedly, 
probably as an effect of an increased rate of 
passage of feed through the rumen. What 
was most remarkable in this experiment was 
that the ewes were able to produce more 
milk without milk fat depression even with 
the feed of the smallest particle size. 

The reduction of the particle size of the 
fibre does not always reduce the nutritive 
value of the diets (Moore, 1964; Paladines 
et al., 1964). Indeed, it seems that the 
quantity of heat produced by the animals 
falls markedly as fibre particle size is 
reduced. This occurs partly because less 
physical work is required for eating, rumi- 


nating the diet and for the contractility of 
the digestive system, and also because the 
ratio of propionate to acetate increases in 
the rumen as particle size is reduced (Moore, 
1964; Paladines et al., 1964). 

In summary, grinding the fibrous part of 
the diet often increases the level of intake, 
reduces the digestibility of the feed, and 
increases the efficiency of the transforma- 
tion of metabolized energy into net energy. 
In general, this leads to an increase in the 
amount of energy available for production. 
In sheep this is particularly important 
because they are able to use very finely 
ground diets without the digestive problems 
usually observed in cattle. 

Another important aspect to bear in 
mind when considering the particle size of 
the diet of sheep in the Mediterranean 
region is that at certain periods of the year 
(such as winter, and often also autumn) very 
little pasture is available. At these times the 
farmers supplement the diet with hay and 
concentrates. The latter often substitute for 
a large part of the basal diet, as the intake 
of hay is often very low because its fibre 
content is usually high. The resulting low 
forage to concentrate ratio, and the fact that 
concentrates are usually supplied only twice 
per day (at milking), often induces subclinical 
or acute acidosis, with negative effects on 
milk yield and quality and increases in some 
pathologies, such as mastitis or enterotox- 
aemia, which shorten the productive life of 
the sheep. In an attempt to resolve these 
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Table 6.9. Effect of hay particle size on the feeding and digestive behaviour and milk production in sheep in the 6th 
week of lactation (Cannas, 1995). 


Diet 3 



Short 

Medium 

Long 

SEM 

NDF particle size in diet 
> 1.18 mm (%) 

16.0 

18.4 

54.8 


0.30 mm-1.18 mm (%) 

41.0 

59.7 

34.1 


< 0.30 mm (%) 

43.0 

21.9 

11.1 


Geometrical mean (mm) 

0.365 

0.535 

1.072 


DM intake (g/day) 

4005 

4132 

3767 

147 

Milk yield (g/day) 

2400 

2492 

1991 

192 

Fat concentration (%) 

7.86™ 

7.03 m 

9.08" 

0.56 

Fat yield (g/day) 

187.7 

185.1 

178.6 

18.9 

Protein concentration (%) 

4.37 

4.13 

4.26 

0.11 

Protein yield (g/day) 

105.3 m 

1 09.7 m 

83.8" 

8.1 

Eating time (min/day) 

677 M 

399 N 

41 9 N 

51 

Rumination time (min/day) 

45 M 

165 M 

431 N 

38 

Apparent DM 

59.8 

62.9 

63.5 

1.6 

digestibility (%) 

NDF digestibility (%) 

36.5 m 

42.1 mn 

48.61" 

2.1 

Acetate in the rumen 

96.6 

96.7 

87.8 

0.08 

(mM/l) 

Rumen propionate 

92.1 m 

71 .4" 

68.2" 

0.03 

+ butyrate (mM/l) 
Ruminal pH 

6.04 M 

6.05 m 

6.35 N 

0.01 


3 Diet, 54.9% grass hay, 30.1% cracked barley gains, 13.0% soy bean meal, 2% minerals (CP 16.4%, NDF 41 .6%, 
ADL 3.05%). Hay ground with a mesh size of: 1 mm, short diet; 2.4 mm, medium diet; 12 mm, long diet. BW of 
sheep: 68.1 kg; sem, standard error of the mean. 
mn Significant difference (P< 0.05). 

MN Significant difference (P< 0.01). 


important problems, Rossi et al. (1991) 
have developed a complete pelleted diet 
(CPD) which can substitute for either the 
concentrates or the basal diet, and which 
can replace the whole diet. The basic idea in 
developing the CPD was to create a pellet 
which contained enough fibre to stimulate 
rumination and enough energy to stimulate 
milk yield. A typical example of the granu- 
lometric composition of a CPD is shown in 
Table 6.10. 

In the experiments in which the CPD 
was used as the only feed, eating time var- 
ied between 40 and 110 min/kg of DM, 
and rumination time between 47 and 73 
min/kg of DM, depending on the level of 
intake, the concentration of NDF and the 
mean particle size of the pellets (Pulina et 
al., 1995). When the CPD was used as the 
only feed, milk yield always increased com- 


pared to the pre-experimental period, when 
the animals were either grazed or fed hay 


Table 6.10. Fibre particle size distribution of a complete 
pelleted diet containing 37.4% NDF (of DM) (Cannas, 
unpublished data). 3 


Sieve diameter 
(mm) 

NDF 

retained (%) 

NDF not 
retained (%) 

4.74 

0.0 

100.0 

2.36 

5.7 

94.3 

1.18 

14.8 

79.5 

0.60 

20.8 

58.7 

0.30 

21.5 

37.2 

0.15 

24.0 

13.2 

<0.15 

13.2 

0.0 

Total 

100.0 



3 Pellets treated with 8 M urea before ND treatment to 
avoid possible starch residues. 
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Table 6.11. Relationship between dietary crude protein and energy concentration and feed intake, milk production 
and urea concentrations in the milk of Sarda sheep fed complete pelleted diets (Cannas etal., 1998). 


Diet 

EC 

CP (% DM) 

Intake 


Milk 


DM (g/day) 

Energy 

(Mcal/day) 

Yield 

(g/day) 

Fat (%) 

True (%) 
protein 

Urea 

(mg/dl) 

HE 

21.23 

2163 

3.57 

1329 

5.59 

5.36 m 

54.65 m 

HE 

18.84 

2331 

3.85 

1306 

5.45 

5.35 m 

47.71 m 

HE 

16.59 

2330 

3.85 

1215 

5.68 

5.42 m 

35.85" 

HE 

14.19 

2073 

3.42 

1165 

5.60 

5.66" 

26.16° 

LE 

21.09 

2516 

3.90 

1 505 m 

5.85 

5.23 

56.34 M 

LE 

18.64 

2571 

3.99 

1 508 m 

5.71 

5.30 

49.64 N 

LE 

16.33 

2379 

3.69 

1425™ 

5.72 

5.42 

37.33° 

LE 

13.89 

2230 

3.46 

1282 n 

5.93 

5.48 

27.80 p 

HE (mean) 

17.71 

2204P 

3.64 

1260P 

5.58 m 

5.45 

41.38 

LE (mean) 

17.49 

2409 q 

3.73 

1 422 q 

5.82 N 

5.36 

42.72 


EC, Energy concentration; HE, high energy, 1.65 Meal of ENL/kg of DM; LE, low energy, 1.55 Meal of ENL/kg of DM. 
p,q p< 0 1 - m,n,0 P< 0.05; M ’ N '°' P P < 0.01 . 


and concentrates (Rossi et al., 1991; 
Cannas et al., 1992). Feed intake was 
always very high, varying between 5 and 
6.5% of BW. When the CPD was used in 
cattle, the result was negative (Table 6.2); 
the intake of CPD was not limited by the fill- 
ing effect of the fibre it contained. For 
example, in the experiment reported in 
Table 6.11 (Cannas et al., 1998), the intake 
of DM was higher in the low-energy (48.5% 
NDF as average) than in the high-energy 
(38.0% NDF as average) diets and there was 
no difference in the energy intake between 
the energy levels. Similar results were 
obtained in other experiments (Pulina et al., 
1995). Using CPD for lactating sheep as the 
only feed for long periods (4 months) 
resulted in a slight worsening in the effi- 
ciency of the digestive system, but only after 
more than 2 months of continuous use 
(Calamari et al, 1991). The liver, however, 
continued to function normally during the 
whole experiment. Rapid changes from a 
diet of CPD alone to grazing with CPD as a 
supplement did not have any negative 
effects on milk production (Serra et al., 
1990b) or on the health of the animals 
(Serra et al, 1990a). In addition, the use 
during the whole lactation of CPD as a sup- 
plement to grazing resulted in a marked 


reduction in the incidences of mastitis and 
lameness and in the disappearance of rumi- 
nal acidosis on the farm where the experi- 
ments with CPD took place. 


6.5 Diet Balancing for Grazing Dairy 
Sheep using Nutritional Indicators 

There are many practical problems involved 
in the feeding of grazing sheep. Because it 
is difficult to estimate the quality or quantity 
of the grass ingested by the animals it is also 
difficult to decide what feed supplements 
should be given to them. 

A rational and precise choice of feed 
supplements should be based on evaluating 
not only the characteristics of the pasture 
but also on the nutritional status of the 
sheep. The easiest nutritional indicators to 
use are: 

• The milk yield and quality. 

• The state of health of the animals. 

• The concentration of urea in the milk. 

• The body condition of the animals. 

• The characteristics of the faeces. 

Some of these indicators are described and 
examined below. 
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6.5.1 The concentration of urea in the milk 
as a nutritional indicator 

In dairy cows, the concentration of urea in 
the milk (MU) is seen as a good indicator of 
the metabolism and intake of protein by the 
animals (Oltner and Wiktorsson, 1983; 
Bertoni, 1985; Roseler et al., 1993; 
Bertoni et al., 1999) and is currently used to 
evaluate and adjust the diet. Blood urea con- 
centration (BU) and MU are closely corre- 
lated, even though MU is considered to be 
more stable (Baker et al., 1992), and is eas- 
ier to sample. In dairy cows, high concen- 
trations of MU and BU have been 
associated with reductions in reproductive 
efficiency (Ferguson and Chalupa, 1989). 

MU and BU could also be good indica- 
tors of nitrogen intake and used in lactating 
ewes. However, the available information is 
mainly on dry sheep, whose dietary require- 
ments, feed intake and rate of passage are 
much lower than those of lactating ewes. 
Defining MU and BU reference values for 
milk sheep would be extremely useful. This 
is why various experiments on the MU con- 
tent of milk sheep have been carried out in 
recent years (Cannas et al., 1997, 1998; 
Ubertalle et al., 1998). 

One of these experiments (Cannas et 
al., 1998) studied the relationship between 
dietary crude protein and energy concentra- 
tion and MU in adult Sarda sheep from the 
3rd to the 5th months of lactation (Table 
6.11). In this study there was a linear rela- 
tionship between dietary crude protein con- 
centration and MU at both of the energy 
levels studied. The difference in MU 
between the two energy levels was very 
small and non-significant. The relationship 
between dietary crude protein concentration 
or the daily CP intake, on one hand, and 
MU, on the other, was described by the 
equations: 

MU (mg/dl) = 4.10 CP concentration 
(% of DM) - 30.30 (R 2 = 0.98) [1] 

MU (mg/dl) = 0.14 CP intake 
(g/day) -15.23 (R 2 = 0.94) [2] 

The MU values found in this study were 
compared with the MU or BU reported by 


various authors in experiments designed to 
study the effects of diets containing different 
protein concentrations, or quality, on milk 
production. These studies investigated 66 
different diets and many different sources of 
protein, both pure and in various mixtures. 
The regression of the dietary CP concentra- 
tion on MU or BU suggests that these two 
variables are closely and linearly correlated 
(Fig. 6.6), irrespective of the source of the 
protein or the feed intake. The regression 
equation (Fig. 6.6) obtained is similar to the 
above-mentioned equation [1], which was 
calculated using only data from the experi- 
ment just described. The association 
between MU or BU and daily CP intake 
was, however, lower (Fig. 6.7). This sug- 
gests that the ratios among CP and the 
other nutrients in the diet are more impor- 
tant in controlling MU or BU than is the 
total daily protein intake. This is probably 
because ruminal microbial ammonia utiliza- 
tion is markedly affected by the other nutri- 
ents supplied with the diet. 

The close relationship observed 
between MU and dietary CP protein con- 
centration suggests that the different protein 
sources of the supplements had little influ- 
ence on MU. The results of the above-men- 
tioned experiments and those of 
experiments in which maize gluten meal was 
compared with soybean meal (Cannas et 
al., 1997), and roasted soybean meal with 
soybean meal (Ubertalle et al., 1998), seem 
to confirm that in sheep the degradability of 
the protein sources has only a limited effect 
on MU. 


6.5.2 Milk sampling for measuring milk urea 

The great variability in MU content among 
animals fed the same diet (Cannas et al., 
1998), as has also been seen in cattle, sug- 
gests that urea should be measured in pooled 
samples of milk taken from at least eight to 
ten sheep at the same stage of lactation. It is 
also important to consider first-lactation 
ewes separately from older animals. Indeed, 
MU was higher by 5-10 mg/dl in first-lacta- 
tion ewes, compared with ewes in their sec- 
ond and subsequent lactations, in an 
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Fig. 6.6. The relationship between protein concentration in the diet and milk urea (MU) or blood urea 
(BU) in dairy, meat and wool sheep (Cannas et al., 1998). Each point represents the average of an experi- 
mental treatment. 


experiment conducted on Sarda sheep, 
despite the fact that the diet supplied was the 
same (Cannas et a/., 1997). In the same 
experiment, BU values were slightly higher 
and more variable than MU, as already 
observed in cattle (Baker et al., 1992). 

On many farms mechanical milking has 
made it difficult to take individual milk sam- 
ples. Sampling of bulk milk from the refrig- 


eration tank is a possible solution if the flock 
is made up exclusively of animals at the 
same stage and order of lactation. Another 
method is to sample some squirts of milk 
before the milking clusters are attached to 
the teats. The differences in MU concentra- 
tions obtained at different times of milking 
are small, and non-significant in practical 
terms. 



Fig. 6.7. Relationship between daily protein intake and milk urea (MU) or blood urea (BU) in dairy, meat 
and wool sheep (Cannas et al., 1998). Each point represents the average of an experimental treatment. 
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Urea can be measured in the laboratory 
by various analytical methods of very high 
accuracy. It is quite important not to be con- 
fused by the units of measurement. In some 
countries milk urea is expressed as ‘milk 
urea nitrogen’. Since nitrogen makes up 
46.65% of the urea molecule, when analy- 
ses are reported as ‘milk urea nitrogen’ the 
values are about 50% of those expressed as 
‘milk urea’; the latter form is used through- 
out this chapter. 

If the diet needs to be changed rapidly 
it is best to measure the MU directly on the 
farm. This is why the Azotest® strips are 
sometimes used on bovine milk. This system 
is based on the variations in colour that 
occur in treated plastic strips after they have 
been dipped in the milk. However, in our 
experience these strips cannot be used for 
sheep milk and are also unreliable for bovine 
milk. Fortunately, portable equipment that 
measures urea very accurately has recently 
been introduced to the market. 


6.5.3 The relationship between MU, health 
status and reproductive efficiency in sheep 

Another aspect, which makes urea even 
more important as a nutritional indicator, is 
that medium to high concentrations of BU 
(34-50 mg/dl) were associated with nega- 
tive effects on the initial development and 
survival rate of sheep embryos cultivated in 
vitro (Bishonga et al., 1994). Concen- 
trations of BU greater than 50-55 mg/dl 
have been associated with a marked reduc- 
tion in fertility in artificially inseminated 
Sarda sheep (Molle et al., 1998) (see also 
Chapter 7). The information available sug- 
gests that the negative relationship between 


BU and fertility is mainly due to the urea 
derived from ruminal ammonia, while the 
effects on fertility are less clear when the 
urea comes from ammonia produced by the 
degradation of amino acids in the liver. 
Other problems associated with excess of 
feed protein and high milk urea concentra- 
tions are: 

• Increase in the somatic cell count of the 
milk. 

• Increased incidence of mastitis and mam- 
mary oedema. 

• Increased incidence of lameness. 

• Increased incidence of enteric problems, 
e.g. diarrhoea. 

• Reduction in the efficiency of the liver. 

• Reduction in the efficiency of the immune 
system. 


6.5.4 Reference values for milk urea in sheep 

Based on what was previously said regard- 
ing milk urea and on the optimal dietary 
protein concentration (Table 6.5), it is likely 
that MU greater than 40-50 mg/dl is asso- 
ciated with excess dietary protein and lower 
reproductive efficiency, while values lower 
than 25-30 mg/dl are associated with insuf- 
ficient dietary protein and low milk produc- 
tion. These values are higher than those 
suggested for dairy cattle, but the compari- 
son of dairy ewes with dairy cows showed 
that MU concentrations were 5-15 mg/dl 
higher for ewes than for cows when the CP 
concentration of the diet was the same. The 
lowest difference between these two species 
was observed when the CP concentration in 
the diet was lowest (12-14% of CP on a DM 
basis), while it increased as dietary CP con- 


Table 6.12. Relationship between MU and dietary CP concentrations in sheep (predicted by using the regression 
equation reported in Fig. 6.6). When dietary CP concentration is unknown, MU may be used for its estimation. 


CP (% DM) 

12.0 

12.5 

13.0 

13.5 

14.0 

14.5 

15.0 

15.5 

16.0 

Urea (mg/dl) 

15.4 

17.6 

19.8 

22.0 

24.2 

26.4 

28.6 

30.8 

33.0 

CP (% DM) 

16.5 

17.0 

17.5 

18.0 

18.5 

19.0 

19.5 

20.0 

20.5 

Urea (mg/dl) 

35.2 

37.4 

39.6 

41.8 

44.0 

46.2 

48.4 

50.6 

52.8 
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centration became higher (> 16% CP) (A. 
Cannas, unpublished). When the pasture is 
young and its CP concentration is high, MU 
concentrations higher than 60 mg/dl are 
often found in sheep. These levels are cer- 
tainly associated with excess protein intake, 
poor health status and reproductive effi- 
ciency, and with increases in energy re- 
quirements (the energy cost of eliminating 
100 g CP in excess of ovine needs is the 
same as that of producing 200 g of ovine 
milk). 

The relationship found between MU 
and dietary CP concentration (Fig. 6.6) may 
be used to estimate the protein concentra- 
tion in the diet, when it is unknown, by 
measuring milk urea (Table 6.12). This 
could be particularly useful for grazing ani- 
mals, for which some knowledge of dietary 
CP concentration would greatly help in 
selecting the type and amount of feed sup- 
plements required to complete and balance 
the diets. 


6.5.5 Faeces as a nutritional indicator 

Faeces are one of the end-products of the 
digestive system. Their physical and chemi- 
cal characteristics depend on the initial char- 
acteristics of the diet and on the way in 
which the digestive system degrades and 
digests it. Faeces are one of the most repre- 
sentative indicators of the nutritional and 
health status of the animal. In dairy cows, 
faeces are used as a nutritional indicator 
(Bertoni et al., 1999). There has been no 
such systematic study made for sheep and 
so the summary of faecal characteristics vs. 
nutritional level given below should be used 
with caution. 

LIQUID (DIARRHOEAL) OR SEMI-LIQUID 

• Dark colour indicates excess of highly 
fermentable dietary protein (NPN + solu- 
ble protein) due to presence of immature 
grasses or legumes, protein-rich silage or 
feed with added urea. 

• Light colour, strong smell with grain frag- 
ments indicates ruminal acidosis due to a 
diet too rich in NSC and/or low in struc- 
tured fibre. 


• Excess of minerals. 

• Dirty feed. 

BROWNISH-GREEN IN PASTY BLOCKS 

• Well-balanced diet. 

• For grazing animals, an indicator of a diet 
rich in young plants. 

• In sheepfolds, an indicator of a ration 
with a low-medium fibre content. 

WELL-FORMED, DARK BROWN PELLETS, 
LOW-MEDIUM MOISTURE CONTENT (50-60%) 

• Well-balanced diet. 

WELL-FORMED, COMPACT, VERY DRY PELLETS 
WITH FIBROUS COMPONENT 

• Lack of fermentable protein in the 
rumen, low ruminal bacterial activity. 

• Diet contains too much fibre and/or too 
lignified (rich in straw, stubble, mature 
forage). 

Whole grains are less frequently found in 
sheep faeces than in cattle faeces, due to 
the more intense rumination activity of 
sheep. This is particularly true for large 
grains (e.g. maize). Thus, high quantities of 
whole grains in sheep faeces may indicate 
ruminal acidosis or sub-acidosis, or at least 
insufficient rumination. The latter is frequent 
in older animals with damaged teeth. 


6.5.6 Body condition score 

Throughout the year sheep usually have 
large variations of body reserves, with gains 
during the last part of the lactation and the 
dry period and losses in the first months of 
lactation. For this reason, proper dietary 
balancing requires that the nutritional status 
of the animals is accurately monitored. 
Variations in body reserves cannot be esti- 
mated adequately by simply measuring BW 
and its variations (Russel et al., 1969). 
Indeed, variations in the contents of the 
digestive and reproductive systems often 
render BW variations markedly untrustwor- 
thy and unpredictable, leading to errors in 
the evaluation of the energy balance and 
nutritional status of the animals. Another 
confounding factor is that in the first 6 
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weeks of lactation sheep can lose up to 1 kg 
of protein, which is mostly converted to glu- 
cose in the gluconeogenesis pathway, but is 
also used as a source of amino acids for milk 
synthesis. With each kg of protein lost, 4 kg 
of metabolic water is also lost, but when fat 
instead is mobilized the loss of water is min- 
imal; BW variations measured by weighing 
the ewes do not discriminate between the 
mobilization of fat, or of protein and water. 

More appropriate techniques for esti- 
mating body fat variations are based on the 
subjective assessment of the fat and muscle 
thickness on the backbone behind the last 
rib (body condition score, BCS), following a 
scale that goes from 0 (very thin, probably 
sick sheep) to 5 (extremely fat sheep). A 
more detailed description of the system can 
be found in the literature (Russel et al., 
1969; INRA, 1988; Molle and Sanna, 
1992). Subjective estimates by trained per- 
sonnel can produce sufficiently precise clas- 
sifications of a large number of sheep in a 
short time. BCS may be used to estimate 
the energy costs of fattening or the energy 
lost when the animal becomes thinner 
(INRA, 1987) or simply to define the opti- 
mal state of the animal’s reserves at various 
stages of the productive cycle (Fig. 6.8). 
Here, ‘optimal’ means the specific body 
condition at which the sheep are most fertile 
(see Chapter 7) or produce most milk. One 
practical problem when using BCS is that its 
relationship with body fat content differs 
among breeds (Cannas, 2000). As a result, 


the optimal BCS for each stage of the pro- 
ductive cycle may differ among breeds. For 
example, the comparison of Sarda sheep 
with Lacaune sheep showed that Sarda 
sheep with a BCS of 2.0 had already large 
visceral fat deposition, while this occurred in 
Lacaune sheep only when the BCS was 
around 3.0 (Ronchi et al., 1993). 
Preliminary estimates have been published 
on the relationship between BCS and fat 
reserves in Sarda sheep (Ligios et al., 
1995), which differ substantially from those 
published for other breeds (Teixeira et al., 
1989; Zygoyiannis et al., 1997; Cannas, 
2000 ). 


6.6 Feeding Sheep in the Various Phases 
of the Productive Cycle 

6.6.1 Last months of pregnancy to the first 
months of lactation 

Milk production in the first 2-3 months of 
lactation depends on many factors, some of 
which are linked to the characteristics of the 
animals themselves (phenotype, body fat 
reserves, prolificacy) while others are linked 
to the conditions in which the animals are 
raised (availability of feed, environmental 
conditions). As milk production in the first 
months of lactation profoundly influences 
the production in later months, this early 
phase must be treated with particular atten- 
tion. 



— — Maximum 
— - Minimum 


Fig. 6.8. Target body condition score during the production cycle of dairy ewes (based on INRA, 1988). 
DIM, days in milk. 
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The body condition of the ewes at 
lambing is one of the factors that clearly 
influences their milk production in the first 
months of lactation, because part of the 
milk produced at this stage depends on body 
fat mobilization. Even when sheep are fed 
high-quality diets, a negative energy balance 
is none the less inevitable in the first months 
of lactation. This is because, after lambing, 
milk production, and thus the energy 
requirements of the animals, increases more 
rapidly than the intake of energy from the 
diet. Furthermore, in Mediterranean 
regions, the first months of lactation often 
coincide with winter, when animals require 
extra energy for thermoregulation, there is 
little pasture available due to the low tem- 
peratures, and grazing is difficult because 
the weather conditions are often bad and 
the days are short. Thus, it is inevitable that 
in the first 2 months sheep produce 
part of their milk (up to one-third) by mobi- 
lizing their body fat and protein reserves. 
This can be considered normal as long 
as the loss of BW is not excessive. After 
this period, the BW of the sheep should 
begin to increase. In BCS terms, INRA 
(1988) suggests (Fig. 6.8) an optimal BCS 
at lambing of 3.25-3.50, which may fall to 
a minimum of 2. 0-2. 5 in the 6th to 8th 
week of lactation. The ewes should not lose 
more than 1 BCS in 6 weeks. However, 
these reference values may not be optimal 
for all breeds. Clearly more research is 
needed to better define reference values of 
BCS. 

A greater weight loss would certainly 
cause a reduction in milk production, with 
negative effects in the second part of the 
lactation, an increased risk of ketosis and 
lower fertility. Lactating ewes with highly 
negative energy balance tend to reduce their 
milk production more markedly than cows 
do. Indeed, while in cows genetic selection 
has resulted in a hormonal status that 
encourages milk production even with high 
fat mobilization, in dairy sheep genetic 
improvement has not been as intensive, and 
ancestral characteristics designed to protect 
the life of the animal are often more evi- 
dent. As a result, when fat mobilization is 


too intense milk production decreases more 
readily than in cows. 

Thus, it is very important that sheep 
have sufficient reserves of body fat at the 
beginning of lactation (Louca et al. s 1974; 
Robinson, 1987a). Robinson (1987a) has 
clearly shown how body fat reserves and 
energy intake are of great importance in this 
period (Fig. 6.9). In his experiments, the 
milk production of sheep fed a high-energy 
diet was almost unrelated to their body 
reserves. However, when the amount of 
energy in the feed decreased, milk produc- 
tion was greatly influenced by body fat 
reserves. The thinner the sheep, the less 
milk was produced. Given that the highest 
energy intake reported in Fig. 6.9 is hard to 
achieve in grazing sheep - because concen- 
trates are supplied separately from forages 
and low forage-to-concentrate ratios are not 
feasible - it becomes obvious that sufficient 
fat reserves are essential for high milk pro- 
duction in the first months of lactation. This 
also explains certain phenomena which, at 
first sight, appear puzzling. For example, 
there was a severe drought in Sardinia from 
January to September 2000. As a result 
most of the sheep were very thin at lambing 
time (autumn 2000). However, in the final 
months of the year (first and second months 
of lactation) there was a great deal of pas- 
ture available, due to the mild temperatures 
and high rainfall. None the less, milk pro- 
duction was less than in the previous years, 
even in the first 2 or 3 months of lactation. 
The average losses on many farms were 
more than 300-400 g/day per head. These 
losses were probably due to the fact that 
normal production could not be obtained 
because the amount of body reserves that 
could be mobilized was very small. Part of 
the negative effect on milk production was 
due to the large excess of crude protein in 
the available pasture, which increased the 
requirements of the animals due to the high 
cost associated with protein catabolism. It 
must be said, however, that ewes too fat at 
lambing usually have low milk production 
due to the excessive quantity of visceral fat 
compressing the rumen and thereby reduc- 
ing feed intake (Stern et al., 1978). 
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190 g/day 
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360 g/day 


7.2 
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4.8 


Mcal/day 

Mcal/day 
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Fig. 6.9. Effect of body fat reserves and daily energy intake on maximum milk production in sheep in the 
first weeks of lactation (Robinson, 1987a, modified). The numbers in the figure represent the percentage of 
milk produced by using body fat reserves, and the loss of BW (g/day) in the animals with the lowest and 
highest fat reserves. 


6.6.2 Remainder of lactation 

In nutritional terms an exact definition of the 
moment of transition from initial lactation to 
full lactation should be based on whether or 
not the animal has a negative (first phase) or 
positive (second phase) energy balance, 
rather than on the month of lactation. In the 
Mediterranean region this generally coin- 
cides with the moment when the growth of 
pastures resumes after the winter interrup- 
tion. Thus, for 2-3 months, full lactation 
coincides with the period of the year when 
most pasture is available. At these times, 
the intake of pasture is generally very high 
and the main technical goals should be 
to: 

• Maximize milk production. 

• Allow the body reserves lost in the early 
phase of lactation to recover. 

• Bring the ewes to the body condition 
that maximizes fertility in the mating sea- 
son. 

• Prevent sheep with low milk production 
from becoming too fat. 

These three objectives are difficult to 


achieve when sheep with very different pro- 
ductive levels are in the same flock, and thus 
are fed the same diet. The most frequent 
result of this is that the most productive ani- 
mals are underfed, and so become too thin, 
while the least productive ones are overfed 
and so become too fat. As the sheep in the 
flock with above-average production pro- 
duce most of the milk, underfeeding these 
sheep has serious economic consequences 
for the farm. In addition, animals which are 
too fat or too thin at the moment of mating 
are less fertile than those at optimum body 
condition (see Chapter 7). Then, correct 
feeding strategies require that the flock is 
divided into at least two groups based on the 
productive levels of the ewes. These groups 
should really be separated in the first 
months of lactation. They should be 
reviewed periodically and those sheep 
whose productive level or body condition 
has changed should be transferred to the 
appropriate group. Grouping could be 
decided on the basis of the milk produced or 
on the body condition score of the animals. 
In any case, the two criteria are correlated, 
especially after the first months of lactation. 
Milk production is probably the easiest to 
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measure and represents the main economic 
objective of the farm. 

There are no particular problems 
involved in dividing the flock into two or 
more groups when the farm is well organ- 
ized and the pasture land is subdivided into 
plots, but this is not the case if the sheep are 
grazed on open land. The management of 
the diet of grazing sheep with different pro- 
ductive levels may be carried out using one 
of at least two techniques: 

• The groups are kept in different grazing 
areas for the whole period for which dif- 
ferent feeding regimes are deemed nec- 
essary. The groups are milked separately 
and the more productive group is given 
more feed in the parlour. In this way the 
more productive sheep can also be 
grazed on better pasture. Dividing the 
sheep into different groups is already 
common practice, even though the for- 
mation of the groups is often based on 
their reproductive cycle and is not aimed 
at improving the diet. 

• All the sheep graze together but the dif- 
ferent productive groups are identified by 
marks of different colours on their fleece. 
At milking time the groups are put into a 
corral with exits leading to different pens 
depending on the colours marked on the 
fleece. The different groups are milked 
separately and fed the appropriate 
dietary supplements during milking. After 
milking the whole flock is taken back to 
pasture. This technique simplifies the 
management of grazing but requires 
drafting facilities and separated yards. 
There is also the additional labour of sep- 
arating the flock into different groups 
before milking. 

• A third option could be to have in the 
milking parlour a feeding dispenser that 
supplies different amounts of concen- 
trates according to the productive level of 
the sheep. 

Regardless of which technique is used, the 
aim should be to maximize milk production 
by utilizing the nutritional principles and 
dietary requirements mentioned earlier in 
the chapter. To put it simply, the aim should 


be to allow the sheep to eat large quantities 
of grass. When the pasture is of high qual- 
ity, the supplementation of the diet with 
concentrates should aim to improve the bal- 
ance between the nutrients of the diet rather 
than to increase the total intake. When the 
pasture is composed of mature plants, the 
concentrate supplements must compensate 
for the low protein/high fibre content of the 
pasture. 

6.6.3 Problems associated with feeding sheep 
on immature pastures 

When the pasture is immature, it is also rich 
in protein and low in fibre. This occurs in 
both grasses and legumes. In grasses, in par- 
ticular, the protein concentration is often 
much higher than is generally believed, 
often being > 25% of DM. This occurs 
when the plants are young and are fertilized 
with nitrogen. Furthermore, a large part of 
the crude protein is made by non-protein 
nitrogen or very soluble protein, both of 
which ferment very quickly in the rumen. In 
such situations, the intake of protein is often 
much higher than that required. As already 
stated, such excess protein is transformed 
into urea, some of which is later found in 
the milk. Several years of data of the 
Regional Association of the Farmers (ARA) 
of Sardinia have shown that on this 
Mediterranean island, urea in ovine milk is 
very high (> 50 mg/dl) during the whole 
winter and early spring, suggesting that 
sheep are fed excess protein for at least half 
of the lactation. It is likely that this occurs in 
all Mediterranean regions, where most dairy 
sheep are kept. 

This situation is exacerbated when feed 
supplements rich in protein are used. Since 
these feeds are expensive their use not only 
reduces milk production and worsens the 
health of the animals, but it also increases 
feeding costs. These high-protein supple- 
ments should only be used in late spring, 
when the pasture is low in protein. 
Immature pastures are also low in fibre, the 
ingestion of which does not sufficiently stim- 
ulate rumination in sheep. This, in turn, 
decreases the production of saliva, which 


Feeding of Lactating Ewes 


101 


contains substances that buffer ruminal pH. 
In these situations ruminal sub-acidosis often 
reduces the percentage of fat in the milk; 
severe lack of fibre may also cause acute 
ruminal acidosis. 

Some feeding and management tech- 
niques can reduce the risks involved in graz- 
ing animals on immature pastures: 

• At milking, feed supplements should have 
little protein (no more than 12-13% of 
DM, and if possible with low ruminal 
degradability), but fairly high fibre 
(17-20% of crude fibre, 25-35% of NDF) 
and starch. A mixture of slow-fermenting 
(maize or sorghum) and fast-fermenting 
(barley, oats or wheat) grains should be 
used, so that there are starches ferment- 
ing in the rumen from the beginning of 
grazing (morning) to the end (late after- 
noon). This should improve the synchro- 
nization between the fermentation of the 
protein from the pasture and that of the 
starch in the supplements. 

• Nitrogen fertilization should be used care- 
fully and sheep should not graze pastures 
for several days after fertilization, espe- 
cially when low temperatures or drought 
reduce the conversion of fertilizers to 
plant proteins. 

• Grazing time should be reduced and the 
flock should be brought to pasture in late 
morning. The animals should not graze 
on pastures that are wet with dew. If this 
is inevitable, it is important to avoid send- 
ing the sheep to pasture when they are 
too hungry. Since the animals are not fed 
for some hours - the period between first 
milking and the start of grazing - it may 
be advisable to give them feed rich in 
energy and digestible fibre, but low in 
protein, shortly before they go to pas- 
ture. For this third meal (assuming that 
the other two feeds of concentrates occur 
at the morning and evening milkings) the 
best supplements are, in order of prefer- 
ence, beet pulp, maize silage and silages 
made from wheat, barley or oat grains - 
at milky stage mixed with some grains. 
Pelleted feeds may also be used as long as 
they have the characteristics described 
above. 


The third-meal technique has many 
advantages: 

• The ewes are less hungry when they 
start grazing and therefore they do not 
eat too much pasture (and proteins) in 
a short time. 

• It supplies the energy that bacteria 
require for exploiting the nitrogen 
available in the rumen. 

• It allows an increase in the number of 
energy-rich meals per day, reducing 
the risk of acidosis. 

The adoption of a third meal does not 
imply that more supplements have to be 
used; it is simply a matter of subdividing 
the same amount of supplements into 
more meals. 

• Milk urea should frequently be measured 
to monitor protein intake. 

• The faeces should be routinely observed; 
if there is diarrhoea or the faeces are very 
soft, almost liquid and dark, there is prob- 
ably too much protein in the diet. 

• Good-quality hay should be added at 
night when the ewes are in the barn. 
However, when the pasture is abundant 
sheep generally eat little hay, especially 
when it is too mature or of low quality. 

In conclusion, the problems for sheep 
caused by grazing pasture over-rich in pro- 
teins and poor in fibre can be reduced by the 
use of simple feeding and management 
techniques. Such techniques are relatively 
inexpensive and practicable. 

6.7 Feeding Housed Sheep 

6.7.1 The use of hay and the importance of 
its quality 

At certain times of the year hay may be the 
only source of fibre in the diet, especially in 
areas where silage production is not com- 
mon. Because the fermentative capacity of 
sheep is not very high, the intake of hay is 
high only when it is of good quality, i.e. 
NDF and lignin are low and the hay is prop- 


102 


A. Cannas 


Table 6.13. Practical criteria for evaluating the quality of hay. 

Characteristics 

Good quality 

Poor quality 

Colour 

Pale green-yellow 3 

Brown b 

Leafiness 

High 0 

Low 0 

Maturity 

No ears and/or legumes 

Rich in ears and/or legumes 


Elastic culm (little lignification) d 

Rigid culm (very lignified) d 

Conservation 

No mould 

Mouldy 

Smell 

Pleasant 

Sweet or mouldy smell b 


3 Indicates that even though the mowed forage has been washed by rain it has been baled at the right humidity; 
b Indicates that the hay was too wet when it was baled and its temperature increased inside the bale (Maillard's reac- 
tion), with a consequent reduction in digestibility of sugars and proteins; this problem is often associated with mould 
development; c of particular importance for legumes; d for grass hay, if the culms break when twisted round the finger, 
there is too much iignification, i.e. the hay was made from over-mature plants. 


erly harvested (Table 6.13). If the fibre 
content of the hay is too high, as happens 
when the cutting is delayed for too long 
to maximize the quantity of DM produced 
per hectare, intake is often low, milk pro- 
duction falls and more concentrates are 
required, with increased risk of feeding 
disorders. 

There are two ways of increasing the 
intake of mature hay: one is to chop it 
finely, the other is to allow the animals to 
choose the better parts of the hay, which 
means that large amounts of hay will be left 
as waste in the feeding trough. The quantity 
of waste increases as quality and digestibility 
decrease, as has been shown in studies on 
dairy goats (Van Soest et al., 1994) (Table 
6.14). These studies, as well as others on 
dairy cows (Mertens, 1983, 1985), have 
shown that it is much more expensive and 


difficult to feed the animals on poor-quality 
hay than to use good-quality forage. 


6.7.2 Total mixed rations 

In recent years, a growing number of dairy 
sheep farms have started to use total mixed 
rations (TMR). Increasingly more farmers 
are considering adopting this system. In 
most of these cases TMR have been used 
for only a few years and are generally 
employed in combination with a few hours 
of daily grazing. 

The two main reasons why shepherds 
are considering this system are: (i) the stock- 
ing rates can be markedly increased by pro- 
ducing haylage, maize silage or by feeding 
the animals with freshly cut grass; and (ii) 
the quality of life for the farmers can be 


Table 6.14. Estimates of practical refusals for optimal lactational performance in goats (Van Soest eta!., 1994). 


Forage 

Estimated 
digestibility 3 (%) 

Residues in 
feeding trough (%) 

Digestibility of 
consumed forage (%) 

Utilization 15 

(%) 

Lucerne hay 

65 

15 

69 

59 


58 

25 

66 

50 


50 

35 

60 

39 

Grass hay 

70 

20 

75 

60 


60 

35 

69 

45 


50 

50 

60 

30 


a Based on the composition of the forage available; b intake of digestible substances as % of those available. 
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improved significantly by reducing the num- 
ber of working hours dedicated to the ani- 
mals, as it is no longer necessary to follow 
the animals to pasture, and to move the 
animals from one field to the next, or even 
from one farm to another. It also improves 
the quality of the work itself as it is more 
mechanized and is carried out indoors. The 
latter reason is of particular importance for 
young farmers, who wish to have the same 
quality of life as that of farm workers in 
other sectors of the industry. 

However, the adoption of TMR has 
sometimes resulted in large decreases in 
milk production. As a result, mixed systems 
are used, where the animals are fed TMR in 
the morning, taken to pasture during the 
middle of the day, and then often, but not 
always, given second TMR when they return 
from grazing. 

Many of the problems associated with 
the introduction of TMR are caused by the 
ration not being prepared in the correct 
manner, because the approach followed is 
the same as that used for dairy cows, while 
some adaptations should be considered in 
the light of what has been previously said 
about the differences between sheep and 
cattle with regard to fermentative capacity, 
rumination efficiency and size of ruminated 
particles. Due to these differences, when 
preparing TMR for sheep it is important to 
adhere to the following guidelines: 

• Grind the forage much more finely than 
one would for cattle. This increases 
intake and has positive effects on milk 
production. While in cattle, particles 
ground too finely may dramatically 
reduce rumination and salivation and 
cause ruminal acidosis, in sheep it is prac- 
tically impossible, with the equipment 
currently available to prepare TMR, to 
reduce the fibrous particles to such 
dimensions that the diet becomes dan- 
gerous. Sheep intensely ruminate feed 
particles which would be too small to 
stimulate rumination in cattle. Another 
advantage of grinding the diet finely is 
that it reduces the risk that the sheep will 
select the diet in favour of concentrates. 
Indeed, when sheep are fed TMR pre- 


pared for cattle they often consume the 
concentrates first - which increases the 
risk of acidosis - and then the forage. 

• Use good forages, of the same quality as 
those used for lactating dairy cows with 
high levels of production. As already 
stated, feed intake is affected more nega- 
tively by high fibre content in sheep than 
in cattle. Compared to traditional feeding 
techniques, TMR reduces feed selection; 
it means that if only low-quality forage is 
used, then a traditional feeding tech- 
nique, which allows the sheep to discard 
the worst part of the forage, is better than 
TMR. 

• Favour supplements high in pectins and 
digestible fibre, such as soy hulls, beet 
pulps or citrus pulps; this is advocated in 
order to avoid the use of large amounts of 
starch-rich feeds. 

• Use high-quality silage. Many sheep 
farmers produce and use silage that is too 
fibrous and/or badly preserved; this is 
probably because dairy sheep farmers, at 
least in the Mediterranean area, still have 
little experience of producing silage; 
intake and milk production are reduced 
both by excessive fibre content and by 
substances produced by anomalous fer- 
mentations. In addition, in poorly pre- 
served silage there are always large 
numbers of spores of butyric bacteria; 
when these bacteria are transferred to the 
milk, they ferment and damage the 
cheese, especially when the cheese is 
mature. 

In conclusion, if TMR is to be used on dairy 
sheep farms not only should a careful 
cost-benefit analysis be made, but the for- 
age must also be of high quality and careful 
attention must be paid to the way in which 
the diet is chopped and mixed. These pre- 
requisites are essential for obtaining satisfac- 
tory results in practice. 


6.7.3 Feeding concentrates 

In grazing sheep, concentrates are usually 
supplied during the two daily milkings. If 
large quantities of concentrates rich in 
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starch are used, in a short time ruminal pH 
will be reduced due to the high level of pro- 
pionate production. This may reduce cellu- 
lolytic bacterial activity, fibre digestibility and 
induce ruminal sub-acidosis or acute acido- 
sis. The latter sometimes occurs even when 
the average quantity of concentrates in the 
diet is not high, because the dominant and 
most aggressive sheep, which are often the 
most productive, consume more concen- 
trates. 

To reduce the occurrence of these 
problems, the number of meals in which 
concentrates are supplied should be 
increased as much as possible. For example, 
a third meal could be given to the sheep 
either at night or in the morning shortly 
before they are taken to pasture. Excessive 
competition between animals can be 
avoided by using individual feeding trough 
systems. Highly fermentable grains such as 
barley, wheat or oats should not be rolled, 
flaked or milled because these treatments 
may further increase their rates of fermen- 
tation (Vipond et al., 1985; 0rskov, 1986), 
even though in some cases flaked barley has 
been associated with higher milk production 
(De Vincenzi et al., 1999). Whole grains 
stimulate rumination and reduce the rate of 
intake compared to processed grains. It is 
unlikely that significant quantities of grain 
will be lost in the faeces as the grains are 
finely minced during mastication and, in 
particular, rumination. If many whole grains 
are found in the faeces the diet should be 
checked for fibre effectiveness. 

Rolling, flaking and milling are advisable 
only for grains with a low rate of degrada- 
tion, such as maize or sorghum. This is par- 
ticularly true for animals with high 
production levels and a fast passage rate of 


feeds through the rumen. Whole maize 
grains should not be used because older 
sheep, whose teeth are no longer com- 
pletely efficient, will have difficulty chewing 
them. However, this problem can be 
resolved by cracking the grains. Part of the 
grain component can be substituted by 
energy-rich feeds which do not stimulate 
ruminal acidosis, such as those feeds rich in 
pectins (beet pulp, soybean hulls, citrus 
pulps) or in cellulose (cotton seeds). This 
prevents high starch intake. Alternatively, 
pelleted feeds rich in effective fibre can be 
used. 

The risks associated with high doses of 
concentrates can be reduced by the use of 
buffers, either in the concentrate mixtures 
or in the pellets. For example, mixtures of 
sodium bicarbonate (64%) and potassium 
bicarbonate (34%) in amounts equal to 
3.5% of DM intake kept the pH at an 
acceptable level in lambs fed on a diet very 
rich in barley grains (Mould et al., 1983). 

6.8 Conclusions 

The feeding techniques for dairy sheep 
should always consider the differences in the 
feeding behaviour and fermentative capacity 
between sheep and cattle. These must be 
taken into consideration in order to avoid 
feeding errors. These differences are of par- 
ticular importance in the case of sheep with 
high milk production. Balancing the diet of 
grazing sheep is more complex when TMR 
are used, because of the difficulties in esti- 
mating pasture intake and quality. In this sit- 
uation, nutritional indicators are essential in 
deciding which dietary supplements should 
be given to the animals. 
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7.1 The Ewe 

Nutrition is one of the main factors influ- 
encing the reproductive performance of 
ewes, from the onset of puberty to the total 
number of lambs produced during their life- 
time. 

Interestingly, nutritional requirements 
are low during breeding and for the first 3 
months of pregnancy, contrary to those of 
late pregnancy and lactation, especially dur- 
ing the first period when animals inevitably 
lose weight. In particular, extensively bred 
sheep show cyclic changes in body reserves 
(accretion and depletion) that affect the 
achievement of satisfactory productive and 
reproductive results. Therefore, body 
reserves evaluation, by body condition score 
(BCS), is an important tool for correct feed- 
ing of dairy sheep during the different phys- 
iological stages (Bertoni, 1988; Molle and 
Sanna, 1992). 


7.1.1 Nutrition and puberty 

The first main reproductive event of ewes is 
the onset of puberty (first ovulation), i.e. the 
attainment of reproductive capacity; the ear- 
lier puberty occurs the shorter is the unpro- 
ductive period, from birth to first lambing. 
Bodyweight is the main factor influencing 
age at puberty; although differences exist 
between breeds, ewe lambs usually reach 


puberty when 60% of adult bodyweight is 
reached (Hafez, 1952; Dyrmundsson, 
1973; Chappel, 1993). 

Nutrition during their growth period 
affects the timing of puberty in ewe lambs: 
those that show slow growth during the first 
2 months of life are less fertile and prolific 
than ewe lambs well fed and with satisfac- 
tory growth rates; in contrast, during the 
pre-pubertal period, when mammary tissue 
formation is greatest, too-rapid growth can 
cause ovarian disorders which encourage 
excessive body fat deposition, with negative 
effects on reproductive activity (Manunta, 
1985; Ronchi and Subioli, 1991) and, sub- 
sequently, also on milk production (Bocquier 
et ah, 1988). 

Feeding of concentrates, added at the 
rate of 200-500 g/day, to a basal ration of 
hay, or hay and pasture, from weaning to 
mating or up to 12 months of age, often 
improves reproductive efficiency of ewe 
lambs, via the advancement of puberty, 
higher fertility and prolificacy (Gunn, 1977; 
Secchiari et a/., 1987; Kassem et a/., 
1989; Bernabucci et ah, 1991). 
Conversely, delays in the attainment of 
puberty are associated with deficiency of 
energy and protein during growth. In fact, 
the delayed achievement of bodyweight 
threshold necessary for initiating reproduc- 
tive activity, causes ewe lambs to reach 
puberty later than normal (Boulanouar, 
1996); fewer LH pulses, without compro- 
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mising FSH secretion, are evident in under- 
fed sheep (Foster et at., 1985). 

Nutrition affects the growth of ewe 
lambs and the onset of puberty, not only in 
relation to the amount of food supplied, but 
also as regards the possible presence of sec- 
ondary compounds with anti-nutritive action. 
Some phytoestrogens like genistein and 
biochanin, contained in subterranean clover, 
can exert an anabolic effect (Lookhart, 1980; 
Pace et a/., 1994; Pace and Settineri, 1996). 
These substances seem to stimulate growth 
hormone secretion, e.g. somatotrophic hor- 
mone (STH), growth hormone (GH) and 
somatomedins or insulin-like growth factors 
(IGFs), as well as inducing protein cellular syn- 
thesis (Meyer et al, 1995). 

Higher growth rates were obtained in 
Sarda ewe lambs grazing subterranean 
clover compared to those in ewe lambs graz- 
ing lucerne or oats. Nevertheless, in ewe 
lambs 7 months old and weighing about 30 
kg, i.e. far above the body weight threshold 
for Sarda ewes at puberty (26 kg) (Cappai, 
1977; Martemucci et al., 1980), reproduc- 
tive activity started only 1 month later 
(August), with the first lambing occurring at 
13 months of age (Pace et al., 2000). 


7.1.2 Nutrition and ovulation rate 

The ovulation rate, i.e. the number of egg 
cells (ova) released per ovulating ewe, repre- 
sents the potential number of lambs. Every 
egg cell (ovum) does not necessarily result in 
a lamb; however, higher ovulation rates 
mean a higher likelihood of having twin 
lambs, and consequently greater meat and 
milk production (Carta et al., 1996; Pulina 
et al., 1996a, b). 

From primordial (oogonial) stage to 
ovulation of an ovarian follicle takes about 
180 days. Many factors and complex inter- 
actions can affect this process. In fact, follic- 
ular growth is characterized by a 
‘step-by-step’ process, during which the fol- 
licle acquires certain properties; these repre- 
sent a sort of ‘passport’ to the subsequent 
developmental step until ovulation. Without 
acquiring these properties, follicles undergo 
atresia and die. 


Follicle-stimulating hormone (FSH) is 
the main regulating factor of ovulation rate. 
It acts on follicular growth when follicle 
diameter is larger than 2 mm. Follicles prob- 
ably show varying responsiveness to FSH 
action, which regulates the ovary by 
paracrine and autocrine control factors 
(Scaramuzzi and Campbell, 1990; 
Scaramuzzi et al., 1993; Campbell et al., 

1995) . 

Nutrition acts on the ovulation rate in 
different ways; liveweight, body condition 
and the diet of ewes during the last weeks 
before mating are all factors that can cause 
evident variations in ovulation rate. These 
effects can now be considered (Smith 
and Stewart, 1990; Landau and Molle, 

1996) : 

• ‘Static effects’, relating to net bodyweight 
(liveweight minus the digestive contents) 
and body condition at the time of mating 
or artificial insemination; these reflect the 
nutritional status of the animal with refer- 
ence to energy balance (Figs 7.1 and 
7.2). 

• ‘Dynamic effects’, related to bodyweight 
and bodily condition changes occuring 
2-3 weeks before mating or artificial 
insemination, representing mid-term vari- 
ations of nutritional status (Fig. 7.2). 

• ‘Immediate effects’ which mirror, within 
4-6 days, the ‘extra’ nutrient supply with- 
out bodyweight and condition variations 
(Fig. 7.2). 

Studies on static effects have shown a 
positive relationship between liveweight 
and ovulation rate, but only above a 
weight threshold that varies between 
breeds (Fletcher, 1971; Lindsay and Martin, 
1994). In Merino sheep, Lindsay et al. 
(1975) and Morley et al. (1978) have 
observed that, above this threshold, the ovu- 
lation rate increased by 1.2 and 2.0%, 
respectively, for each additional kg of 
liveweight. 

Dynamic effects, which in practice are 
the conceptual basis of the flushing tech- 
nique, are much less repeatable than static 
effects. Liveweight and the ewe’s body con- 
dition at mating can influence the number of 
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Fig. 7.1. The relationship between weight at mating and the prolificacy of Merino ewes in Western 
Australia 1971-1987 (Kelly and Croker, cited by Lindsay, 1995). 


follicles with a diameter of over 2 mm which 
are responsive to FSH action, which may 
allow them to attain maturity; instead, the 
flushing technique may act on follicles that 
have already begun this process (Rhind, 
1992). Lindsay and Martin (1994) suppose 
that these effects are regulated by a unique 
mechanism of controlling ovulation rate, 
where static and dynamic effects are the 
same physiological responses, measured at 
different times with respect to the start of 
the ‘extra’ food supply. The nutritional bal- 


ance - i.e. the sum of endogenous (catabolic 
processes of the body reserves) and exoge- 
nous nutritive sources, minus total require- 
ments - is probably the key factor of this 
mechanism (Rossi et al., 1996). 

Immediate effects (4-6 days), demon- 
strated by lupin-based supplementation in 
many studies, can result from direct and 
indirect effects of this food source, mediated 
by gonadotrophins. 

Increases in energy and protein intake 
involves an increase in insulin and insulin 


Ovulation rate 
measured here 
‘immediate 
nutrient effect’ 


Ovulation rate 
measured here 
‘dynamic and 
static liveweight 



.-48 

Liveweight 

(kg) 

-47 


-48 


- 45 


44 



Days from the start of feeding 


Fig. 7.2. Proposed relationship between the immediate nutrient effect and the dynamic and static 
liveweight effects (Smith and Stewart, 1990). 
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growth factor (IGF) blood concentrations, 
which may act on the follicle in association 
with FSH by promoting LH-receptor forma- 
tion in granulosa cells, and hence ovulation. 
Furthermore, at the hypothalamic-pituitary 
level, the aromatic amino acids (tryptophan, 
phenylalanine and tyrosine) supplied by the 
food can affect neurotransmitter concentra- 
tions (dopamine, epinephrine, etc.), since 
the former are precursors of the latter, and 
hence influence hypothalamic regulation of 
gonadotrophin secretion (Smith and 
Stewart, 1990). 

Although there is still a shortage of 
knowledge about the roles played by both 
the energy and protein allowances in repro- 
ductive efficiency in sheep (Rossi et a/., 
1996), many researchers have concentrated 
their attention on proteins. Good results 
have been obtained with lupins, and recently 
with soybean meal (Molle et al. , 1995, 
1997; Branca et al . , 2000; D’Allessandro et 
al, 2000), both characterized by medium to 
low ruminal degradability. Other studies 
showed that the ovulation rate is improved 
by all nutrients that are able to increase 
energy availability for the ruminant, either as 
structural carbohydrates, and consequently 
via acetate, or as protein and non-structural 
carbohydrates via gluconeogenesis. 

Although protein and energy are able to 
influence the rate of ovulation independ- 
ently, the best results are obtained when 


both components are increased at the same 
time (Fig. 7.3), particularly above a certain 
threshold protein intake. In non-lactating 
mutton sheep, a digestible protein threshold 
of 125 g/day has been estimated (Smith 
and Stewart, 1990). 

During the breeding season alterations 
in follicle growth are due to undernutrition 
effects, which involve the production of 
smaller and less persistent dominant follicles 
(O’Callaghan and Boland, 1999). 


7.1.3 Nutrition and pregnancy 

Initial (first month) stage of pregnancy 

Pregnancy is the fundamental phase of the 
reproductive process, due both to its length 
(5 months) and to the unavoidable risk of 
fetal losses, which can affect the reproduc- 
tive efficiency of ewes. Most of these losses 
occur during the first stage of pregnancy, 
particularly in the first month, during which 
embryonic implantation in the uterus takes 
place (Wilkins and Croker, 1990; Branca et 
al, 1999). 

We can divide this period into two 
parts; (i) pre-implantation stage (10 days), 
when egg fertilization is followed by blasto- 
cyst development, growth and embryo 
transfer from the oviduct to the uterus. Total 



Digestible intake (g/day) 

> 125 

<125 


Fig. 7.3. Effect of intake of digestible energy (MJ/day) and digestible protein (g/day) on the percentage of 
ewes having multiple ovulations in two trials (A and B) (Smith and Stewart, 1990). 
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blastocystic and embryonic losses in this 
phase still allow ewes to exhibit signs of heat 
at the end of the normal oestrus cycle; and 
(ii) implantation stage (20 days), when the 
embryo establishes a relationship, by devel- 
opment of the placenta, with the maternal 
uterus. Embryonic losses in this phase do 
not allow ewes to exhibit signs of heat at the 
end of the normal oestrus cycle, but this can 
occur 19 days after the previous oestrus. 

Among the factors that can affect 
reproductive efficiency, ovulation rate is 
considered to be a major factor in the vari- 
able rate of embryonic survival. There is a 
negative relationship between the number 
of corpora lutea (used as an index of poten- 
tial number of embryos) and the probability 
of embryonic survival, which is reduced by 
about 8% for each additional embryo (Table 
7.1) (Hanrahan, 1994). 


Table 7.1. Probability of embryonic survival as a func- 
tion of ovulation rate in naturally mated ewes (Hanrahan, 
1994). 


Corpora lutea (n) 

Probability of 
embryonic survival 

Ewes (n) 

2 

0.82 

5069 

3 

0.74 

884 

4 

0.65 

270 

5 

0.55 

91 

6 

0.45 

38 


With reference to nutritional effects, 
studies have concentrated, until a few years 
ago, on late pregnancy, when the growth of 
the fetus is more rapid. Based on a sum- 
mary of published and unpublished informa- 
tion on ovulation rate and the number of 
fetuses/offspring, most sources only con- 
sider pregnancy requirements relative to the 
final 45-50 days of pregnancy. 

However, even if there is much still to 
be learned, nutritional effects on embryonic 
survival and placental development at an 
early stage are very important for obtaining 
good reproductive results, because most 
losses occur during the first month of preg- 
nancy. Both energy deficiency (nutritive 
level < 50% of maintenance) and excess 


(nutritive level = 200% of maintenance) dur- 
ing the first 3 weeks of pregnancy can 
induce embryonic mortality (even if < 15%), 
with higher mortality rates seen in multiple 
than in single ovulations (Edey, 1976). 

In recent years it has been shown that 
overnutrition more than undernutrition, 
above all if protracted, has a negative effect 
on embryonic survival. This is due both to 
the direct effect on embryonic development 
caused a by high glucose concentration, as 
observed during in vitro maturation experi- 
ments (O’Callaghan and Boland, 1999), and 
to the indirect effect of the reduction in 
blood progesterone concentration. The 
weight and activity of the liver increase due 
to increases in food intake, causing higher 
progesterone catabolism. Progesterone con- 
centration reduction is not counterbalanced 
by an increased secretion of progesterone 
from the corpora lutea, which would main- 
tain homeostasis and consequently the com- 
pletion of pregnancy (Parr, 1992; 
O’Callaghan and Boland, 1999). In sheep 
the period between 11 and 12 days post- 
fertilization (implantation phase) is crucial 
for embryonic survival because, in this 
period, embryos are very sensitive to reduc- 
tions in plasma progesterone concentration 
(Parr, 1992). 

Recent studies demonstrated negative 
effects on embryonic survival resulting from 
increases in energy and protein supplies, 
even if they were positive for follicular devel- 
opment, by supporting higher ovulation 
rates (Fig. 7.4 and Table 7.2). 

Regarding the effect of nitrogenous 
compounds in the diet of ruminants, above 
all in cattle, great importance has been 
attached to the negative effects on fertility 
caused by high blood urea concentrations. 
High blood and milk urea concentrations, 
synthesized in the liver from excess ammo- 
nia produced in the rumen, usually imply 
protein excess in the ration or imbalance in 
the rumen between degradable protein and 
fermentable energy (Cannas et al, 1998). 
In reality, most of the negative effects on 
embryonic survival can be attributed to 
ammonia itself (as the ammonium ion form) 
and not to urea (Visek, 1984; Sinclair et al., 
2000b). Reproductive efficiency can be 
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Table 7.2. Effects of low and high crude protein intake on reproductive parameters (Smith etal., 1990; Molle etal., 
1997; O’Callaghan and Boland, 1999). 


Parameters 

Low crude protein intake 

High protein intake 

Ovulation rate 

If 

If 

Blood urea 

If 

If 

Fertility 

If 

If 

Oocyte/embryo quality 

If 

If 

Survival of good-quality embryos 

=> 

=> 


ft increase; If reduction; => no variation. 


affected by ammonia, which alters the uter- 
ine environment, in particular by changing 
the pH value. Studies carried out on embryo 
transfer techniques in sheep have demon- 
strated that ammonia affects follicular devel- 
opment and final development of ova, 
resulting in very poor-quality embryos 
(Fahey et al., 1998). This phenomenon 
results in increases in embryonic mortality, 
fetal gigantism and higher mortality at birth 
for both mother and lambs (McEvoy et a/., 
1997). 

In cows in high milk production, where 
high urea concentration is associated with 
energy deficiency, negative effects have 
been observed, particularly during the first 2 
months of lactation. In contrast, in milked 
sheep, a different mechanism underlies this 
phenomenon: in traditional breeding sys- 
tems, mating takes place in the final stage of 


lactation or in the dry period, when nutri- 
tional requirements are low and ewes are in 
positive or nil energy balance. 

Recent studies on sheep subjected to 
artificial insemination have shown a nega- 
tive relationship between fertility and urea 
concentration in individual milk samples (> 
5.6 mg/ml) (Branca et al., 2000), in ewes 
grazing grass-legume mixtures under irriga- 
tion, or in bulk samples of milk (> 4.5 
mg/ml) (Molle et al., 2001) collected from 
flocks grazing in rainfed and irrigated pas- 
tures. 

Intermediate (second to third months) stage of 
pregnancy 

The development of the placenta 
(30th-100th day of pregnancy) is important 


Dietary intake 
LH pulse frequency 
Ovulation rate 
Progesterone 
Liver weight 
Serum insulin 
Oocyte development rate 
Embryonic quality 


High 



Low 


Fig. 7.4. Summary of effects of changing from low to high dietary intake on reproductive parameters 
(O'Callaghan and Boland, 1999). 
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because two-thirds of the variation in lamb 
birthweight are due to variations in placen- 
tal weight (Robinson et al., 1999). This sen- 
sitive period encompasses the second and 
third months of pregnancy, when the 
placenta grows rapidly until achieving a 
weight equal to 10% of the lamb’s birth- 
weight. The effect of nutrition on placental 
development is related to body weight, con- 
dition score and the age of the ewe. In adult 
ewes of good bodily condition at mating, 
slight undernutrition in mid-pregnancy 
results in greater placental development; 
conversely, in ewe lambs and in adult 
ewes of very poor bodily condition at mat- 
ing, lower placental growth has been 
observed. 

Some studies have shown that an ade- 
quate nutritional plan in late pregnancy can 
effectively compensate for weight losses in 
mid-pregnancy (up to 20% of liveweight in 
meat sheep), without negative effects on the 
birthweight of lambs (Brink, 1990; Kleeman 
et al., 1993). However, strong correlations 
have been found between the ewe’s 
liveweight at 100 days of pregnancy and the 
lamb’s birthweight (Fig. 7.5): 48-80% of the 
variations in lamb birthweight can be 
explained by variations in the liveweight of 
the ewe, between the 30th and 100th day 
of pregnancy (Kelly and Newnham, 1990). 

The fact that underfeeding in mid-preg- 
nancy did not cause any birthweight reduc- 


tion in lambs can be explained by fetal losses 
(early abortion), allowing improved growth 
of surviving fetuses (Rattray, 1992), or by 
the ewe’s capacity to mobilize body 
reserves, provided that they are adequately 
fed in the last part of pregnancy (Frutos et 
al., 1998). 

Lower fetal survival during the last 2 
months of pregnancy has been observed 
in sheep over-fed in both mid- and late preg- 
nancy; this can cause loss of appetite 
and result in the ‘fatty liver’ syndrome and 
pregnancy toxaemia. Amino acids, rather 
than energy supply, are particularly 
important in mid-pregnancy for mitigating 
the negative effects of undernutrition. In 
fact, in this period the daily nitrogen require- 
ments of the fetus are 18 mg/kg dry fetal 
weight, compared with 4-6 mg in the last 
third of pregnancy (Robinson et al., 1999). 

Final (third to fifth months) stage of preg- 
nancy 

In the final stage of pregnancy (110-140 
days), a positive relationship between nitro- 
gen retention in the pregnant uterus (and in 
maternal tissues) and daily protein intake 
(with intakes of crude protein of 80, 140 
and 125 g/day) has been demonstrated. 
Protein depletion in ewes fed at medium- 
and low-protein levels can partially compen- 



y = 1 .07 + 7.30e - 2x 
R 2 = 0.81 singles 


y = 2.21 + 3.1 Oe - 2x 
R 2 = 0.58 twins 


Mean weight of ewe (kg) at day 100 of pregnancy 


Fig. 7.5. The association between mean liveweight of ewes at day 1 00 of pregnancy and mean birthweight 
of their lambs (open symbols, singles; solid symbols, twins) (Kelly and Newnham, 1990). 
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Fig. 7.6. The relationship between mean placental fetal weights at clay 140 of pregnancy (open symbols, 
singles; solid symbols, twins) (Kelly and Newnham, 1990). 


sate for nitrogen accumulation in the viscera 
and udder. Nitrogen is retained in the car- 
cass of ewes fed on 215 g crude 
protein/day. Skeletal muscles represent the 
main reserve site of proteins which are used 
by the ewe to nourish the fetus under defi- 
ciency conditions (McNeill et ai, 1997). 

On this subject, an important role 
seems to be played by the placental lactogen 
hormone (produced by the chorion, and 
having growth hormone-like activity), which, 
by diverting the flow of maternal glucose, 
can regulate fetal growth. Its concentration 
increases with fetal number and placental 
weight: high correlations have been found 
between fetal weight and placental lactogen 
concentration in the fetus. This variable 
(alone or associated with placental weight) 
accounts for about 50% and 81% of fetal 
weight variability, respectively (Schoknecht 
et al., 1991). Correlations have also been 
found between placental and fetal weight at 
140 days of pregnancy (Fig. 7.6): fetal 
weight increases by about 560 g for each 
additional 100 g of placental weight (Kelly 
and Newnham, 1990). 

To adopt adequate feeding plans, it is 
essential to have a knowledge of the stage of 
pregnancy (initial, middle or final) and fetal 
number. This can usually be detected by 
ultrasound diagnosis at around 30-40 days 
of pregnancy. 


7.1.4 Feeding techniques 

For reproduction purposes, feeding tech- 
niques will differ between mated and artifi- 
cially inseminated ewes. 


Mated ewes 

Body condition score is an important crite- 
rion for consideration in animals in order to 
obtain good reproductive results, particu- 
larly in grazing animals. The BCS, easily 
evaluated on-farm, allows the establishment 
of some basic rules: 

• A reduction in fertility and prolificacy can 
occur with BCS values < 2.5, as has been 
demonstrated in the Sarda breed (Molle 
et ai, 1995, 1998), following a period of 
undernutrition of over 1 month. 

• The target level of BCS at mating should 
be around 3. 0-3.5, and should not fall 
below 2.5 during the first month of preg- 
nancy. 

For ewes in poor condition, it is necessary to 
apply the flushing technique, thereby increas- 
ing energy supply (+30-50% of mainte- 
nance) for 2-3 weeks prior to mating. This 
can be achieved by increasing the allowance 
of green herbage, if available, or by supplying 


Nutrition and Reproduction 


117 


concentrates (or both combined) in relation to 
their availability on the farm. 

For instance, in sheep grazing poor 
grasses, improvements in ovulation rate and 
prolificacy can be obtained with protein- 
based supplementation (with low or medium 
ruminal degradability). Good results have 
been obtained with both lupin (400-500 
g/day) and soybean meal (200-300 g/day) 
(Molle et al., 1995), restricted to the syn- 
chronization period (short-term flushing) 
(Molle et al., 1997). 

On sheep grazing cereal stubbles during 
the mating period, a supply of concentrates 
might be neglected initially because ewes 
are able to effectively utilize residual grains 
that have escaped from harvesting. In order 
to regulate their consumption and to allow 
the ruminal microorganisms to adapt to the 
new diet, grazing, initially for a few hours 
per day, is recommended. 

To optimize this feed source, which is 
widespread in the Mediterranean environ- 
ment, it is useful to supplement the basal diet 
with protein and yeasts. If ewes are grazing 
on green pastures protein supply is usually 
not a limiting factor, so it should be calcu- 
lated on the basis of grass quantity and qual- 
ity as well as on the nutritional requirements 
of the ewes, which might still be lactating. 

Milk urea concentration is a relatively 
robust index of protein intake and should 
range between 3.0 and 5.0 mg/ml. In order 
to avoid asynchronies of ruminal kinetics, 
which could cause sudden elevations in 
ammonia concentration without necessarily 
affecting plasma and milk urea, the food sup- 
ply should be based on carbohydrates and 
protein with low to medium degradability 
(Sinclair et al., 2000a). It follows that, in 
order to avoid these risks in the mating 
period, grazing of leguminous plants should 
represent only a small part of the diet. In any 
case it is essential to avoid sudden food reduc- 
tions, often adopted in summer to speed up 
the drying-off of ewes still producing milk. 


Artificially inseminated ewes 

The feeding of ewes subjected to artificial 
insemination is still an overlooked area; 


there are three main differences between 
mating and artificial insemination with 
regard to nutrition: 

• The correlations between nutrition and 
reproductive results are less positive for 
artificially inseminated ewes, due to the 
technical (insemination per se ) and envi- 
ronmental factors, which can markedly 
affect insemination results (Sanna et al., 
1997). 

• The ovulation rate (1. 8-2.0 in Sarda 
ewes) and fertilization and embryo losses 
in the days following insemination are 
higher than losses observed in natural 
mating (Branca et al., 1999, 2000). 

• The effect of gonadotrophin (PMSG) 
administration, usually used in conjunc- 
tion with oestrus synchronization, is addi- 
tive or synergic (Fig. 7.7) to the nutritive 
level and body condition (BCS) of the 
sheep (Scaramuzzi and Murray, 1994). 

In fat or overnourished sheep this synergy 
can cause high ovulation rates, which are 
not sustainable for some breeds, such as 
Sarda, and can involve increases in embry- 
onic and fetal losses. 

In sheep of BCS > 3.0 the flushing 
technique should be discouraged because it 
can reduce fertility and result in high fre- 
quencies of triple and quadruple lambs, with 
increased mortality risk for both lambs and 
ewes. On the other hand, in sheep of BCS 
< 2.5 (thin ewes) and with high milk pro- 
duction, infertility increases. This negative 
effect is not attenuated by the enhancement 
of the nutritional level of the diet in the last 
2 weeks before insemination. 

The objective of the feeding regimen 
during the weeks preceding insemination 
should be to obtain a satisfactory body con- 
dition (BCS 2.75-3.0), and the flushing 
technique should be adopted only in ewes 
with BCS values of 2.5-2.75. If ewes are 
too fat (BCS > 3.25) or too thin (BCS < 
2.5), adequate feeding must start at least 6 
weeks prior to artificial insemination, with 
two different objectives. In the first case, the 
aim is to reduce BCS 15 days before insem- 
ination, to avoid compromising fertility. In 
the second case, it is necessary to achieve 
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Fig. 7.7. Relationship between PMSG dose and ovulation rate in ewes subjected to different feeding levels 
or characterized by different body condition scores (BCS) at ovulation; CL: corpora lutea. 


BCS values of 2.75-3.00 in order to obtain 
an ovulation rate not lower than two ova per 
ewe (Branca et a/., 2000). With regard to 
nitrogen levels, the best criterion is milk 
urea, which should be in the range 2. 5-4. 5 
mg/ml, in order to avoid problems of low 
prolificacy due to nitrogen undernutrition, 
or of embryonic mortality, due to nitrogen 
excess (Molle et ai, 2001). The require- 
ments for energy and protein in sheep sub- 
jected to artificial insemination are 
summarized in Table 7.3. 

For ewes subjected to artificial insemi- 
nation rather than to natural mating, during 
the first 3 months of pregnancy feeding 
should be aimed at avoiding variations, 
either positive or negative (> 0.25 BCS), in 


bodily condition. Sudden increases in BCS 
after artificial insemination can lead to high 
embryonic and fetal losses due to a reduc- 
tion in blood progesterone concentration 
associated with energy excess (Parr et a/., 
1987), irrespective of BCS at insemination 
(Molle et a/., 2001). 

7.2 The Ram 

The ram is involved in the reproductive 
process both directly through mating and 
indirectly by the production of sperm used 
for artificial insemination. In both cases, 
knowledge of the quantity and quality of 
semen and of factors affecting semen pro- 


Table 7.3. Guidelines for managing body condition score and milk urea in dairy sheep subjected to artificial insemi- 
nation. 



Milk urea b 

Expected reproductive results 0 

Body condition score 3 

(mg/ml) 

Fertility 

Prolificacy 

<2.50 

<2.50 

Low 

Low 

2.50-3.0 

2.50-4.50 

Optimum 

Optimum 

>3.0 

>4.50 

Low 

Very high 


a Individual body condition scores; measurements relate to Sarda dairy ewes. For breeds with higher subcutaneous 
fat deposition than Sarda (e.g. Lacaune) body score levels should be increased by 0.25 units; b bulk milk concentra- 
tion; c refers to the standard performance of each breed at lambing with artificial insemination. 
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duction is of great importance. Among 
these factors nutrition plays a primary role, 
but there is still a shortage of information on 
the correlation of nutrition and reproduction 
in the ram, which is an overlooked area of 
ovine nutrition. 

In a flock the ratio of rams to ewes is usu- 
ally about 1:30-1:40; therefore, bearing in 
mind the average size of sheep dairy farms, it 
is very rarely possible to find farms with more 
than 20 rams. Rams, outside the breeding 
season, are often kept with barren ewes, 
replacement lambs etc., so during this period 
no specific diets are available for males. 

Research has often employed wethers 
for nutritional trials and has neglected stud- 
ies on rams. The limited information avail- 
able considers maintenance requirements 
for rams to be 10-15% more than those for 
ewes (Bocquier et al, 1988). 

The increasing use of artificial insemi- 
nation in the dairy sheep sector led to the 
establishment of semen collection centres, 
where rams are pen-fed. Feeding and man- 
agement techniques adopted for this class of 
animal in these centres are based on the 
empirical experience that, despite the lack 
of specific experimental results, produces 
good results in practice. In fact, satisfactory 
growth in young animals, excellent semen 
production, increased survival and func- 
tional longevity are obtained in these cen- 
tres, where animals with enhanced breeding 
value are raised. 


7.2.1 Spermatozoa production 

Spermatogenesis 

Spermatogenesis is the process occurring in 
the testis, i.e. the formation and liberation of 
spermatozoa (haploid) from undifferentiated 
(diploid) germ cells (spermatogonia). 
Spermatozoal maturation occurs during the 
passage through the epididymis and deferent 
ducts; spermatozoa acquire the ability to fer- 
tilize (capacitation) only within the female 
reproductive tract. One of the remarkable 
features of spermatogenesis is that the dura- 
tion of the process is constant, and any feed- 
ing or hormonal treatment cannot modify it. 


Spermatozoa production occurs contin- 
uously in the seminiferous tubules, from 
Sertoli cells, included in the testicular 
parenchyma. Spermatozoal production 
begins at puberty, which is reached at 
100-150 days of age. Live spermatozoa are 
present in the ejaculate after this age (Terril, 
1975), under the control of: (i) the hypo- 
thalamus- hypophysis unit, by GnRH, FSH 
and LH hormone release; and (ii) the Leydig 
cells scattered in the interstitial tissue, which 
release testosterone (Setchell, 1993). 

In rams, the time required to produce a 
single fertile spermatozoon is 49 days, with 
little variation. The process can be divided 
into the following stages: (i) 31 days, neces- 
sary for development of the spermatozoon 
from the first division of the germ cells until 
it reaches the centre of the seminiferous 
tubule; (ii) 3.5 days, its passage through the 
tubules, out of the testis and into the epi- 
didymis; and (iii) the last 14 days, its journey 
through the epididymis (Lindsay, 1988). 

The first two stages are unaffected by 
any known treatment, but the third can be 
reduced by up to 1 or 2 days, increasing the 
utilization rate of the ram. However, this 
practice is discouraged because it leads to 
the ejaculation of immature semen. 

A thorough knowledge of the duration 
of spermatogenesis in rams is very impor- 
tant for practical purposes. In order to 
improve the quantity and quality of semen it 
is necessary to intervene at least 7-8 weeks 
before the expected date of ram usage, 
whatever treatment is adopted. 


Quantity of semen produced 

Spermatogenesis is a continuous process 
characterized by the relatively constant daily 
semen production per g of testicle (20 mil- 
lion/day), independent of testicular size 
(Lindsay, 1988; Cameron and Tilbrook, 
1990; Martinez et al., 1994). Since semen 
production is strictly correlated with testicu- 
lar mass, and in order to evaluate the ram's 
reproductive capacity, knowledge of this 
parameter is very important. To overcome 
the technical difficulty of weighing the testis 
in the live animal, two indirect systems of 
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Table 7.4. Equations for estimation of testicular weight (g) in rams (testicular weight = a + bx). 

Breed 

a 

b 

X 

R 2 

Sarda 

47.02 

0.94 

TV (mi) 

0.98 

(Rassu eta!., 1995) 

-1331 

56.49 

SC (cm) 

0.90 

Varie 


0.0211 

SC 2 - 89 (cm) 

0.93 

(Notter eta!., 1981) 


6.12 

TD 2 - 32 (cm) 

0.90 

Romney 
(Knight, 1977) 

117x0.41 

0.41 

SV (ml) 

0.88 


-373.11 

21.66 

SC (cm) 

0.85 


-218.17 

88.64 

TD (cm) 

0.85 

Merino 
(Lino, 1971) 

-323.72 

22.592 

SC (cm) 

0.55 


SC, Scrotal circumference measured at the widest point with a tape measure; TV, total testicular volume (devoid of 
the scrotum) measured by the displacement of water from a plastic cylinder; SV, scrotal volume measured by the 
displacement of water from a plastic cylinder; TD, testicular diameter measured with a caliper for each testis. 


evaluation, both easy and sufficiently accu- 
rate, have been adopted: 

• Estimation of the volume of testicular tis- 
sue using a series of beads of graded sizes 
and of known volume, and comparing 
them with the size of each testis. 

• Measurement of testicular parameters for 
volume, diameter and scrotal circumfer- 
ence, which are correlated with testicular 
weight and, therefore, with semen pro- 
duction (Table 7.4). 

Testicular development of rams during their 
growth phase is very important, in order to 
evaluate their reproductive potential and to 
detect the onset of puberty. In fact, puberty 
appears when testicular growth is at its 
peak: this occurs at 7-9 months of age in 
the Awassi breed (Salhab et a/., 2001). 
Since testicular growth parallels body 
growth, in ram lambs it is possible to esti- 
mate the relationship between main testicu- 
lar parameters and the age and liveweight 
(Table 7.5). 


7.2.2 Nutrition and reproduction in the ram 

Nutrition is one of the main factors that 
can influence the ram’s capacity for pro- 
duction of spermatozoa. The testis is 


very sensitive to nutritional influences, 
both negative and positive, and as a result 
its size can alter rapidly. Testicular size, 
and therefore daily spermatozoa produc- 
tion, changes in keeping with body weight 
variations. An increase of 32% in body- 
weight, in rams fed diets of high nutritional 
value (twice maintenance), produces a 67% 
increase in testicular volume (Oldham et a/., 
1978). 

Testicular activity in grazing rams, i.e. 
testicular volume and hormonal secretion, 
begins in spring-early summer, when food 
availability and liveweight reach their high- 
est values (Lindsay and Martin, 1994). In 
contrast, sexual activity and semen produc- 
tion in the ram reach their maxima in 
autumn (Cappai et a/., 1981; Manunta et 
al, 1981). 

Apart from testicular size, feeding can 
also modify the efficiency of semen produc- 
tion. It has been shown that variations in 
semen production are greater than varia- 
tions in testicular mass. For instance, a 25% 
increase in testicular size corresponds to an 
81% increase in semen production (Martin 
and Walkden-Brown, 1995). Several studies 
have been carried out to discover which 
nutrients affect the reproductive capacity of 
the ram. Food restriction for 3 months 
resulted in rams with body fat < 12% of 
bodyweight, as compared to normally fed 
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Table 7.5. Regression equations for estimation of testicular development by age (months) and bodyweight (kg) in 
Awassi rams (Salhab etal., 2001). 

Parameter 

Equation 

R 2 

Circumference 

y = 2.27 + 1 .1 age + 0.77 bodyweight 

0.90 

Length 

y = -0.41 + 0.26 age + 0.33 bodyweight 

0.87 

Width 

y = 0.71 + 0.053 age + 0.16 bodyweight 

0.45 

Volume 

y = -1 67 + 21 .8 age + 7.57 bodyweight 

0.85 


rams with a body fat content of 25-49% of 
body weight. This feed restriction caused: 

• A decrease in testicular weight. 

• A reduction in the diameter of the semi- 
niferous tubules. 

• A reduced number of spermatozoa in the 
epididymis. 

• Lower contractility in ejaculated sperma- 
tozoa (Brown, 1994). 

Daily semen production is probably affected 
by digestible energy intake alone or associ- 
ated with protein intake (Brown, 1994). In 
particular, the plasma concentration of 
volatile fatty acids, derived from ruminal 
degradation, is a key factor in the reproduc- 
tive capacity of rams (Martin and Walkden- 
Brown, 1995). These observations have a 
scientific basis in the relationships (Table 
7.6) between some nutritional parameters 
(energy and protein intake) and changes in 
liveweight and testicular size (Murray et ai, 
1990). 

As shown in Table 7.6, the parameter 


of crude protein intake, used as an inde- 
pendent variable, does not improve the 
accuracy of any of the estimates. 
Consequently, reproductive parameters of 
rams (scrotal circumference and testicular 
volume variations) can easily be evaluated 
from digestible energy intake only. Most 
researchers agree on the uselessness of high 
protein intakes for improving semen pro- 
duction. In fact, the favourable effects from 
increased lupin ingestion, characterized by 
high energy (16.4 MJ/kg DM) and protein 
(CP 337.5 g/kg DM) concentrations, could 
be due to gluconeogenic amino acids, abun- 
dant in lupins (Boukhliq and Martin, 1996). 

Energy probably has no direct effects 
on spermatogenesis or on testosterone pro- 
duction, but it indirectly influences these 
parameters acting on gonadotrophin secre- 
tion (Brown, 1994). The body’s response to 
energy supply occurs at three different levels 
(Boukhliq and Martin, 1996): 

• Increase in LH pulse frequency, evident 
after 2-3 days from the beginning of 


Table 7.6. Correlations between nutrition and reproductive capacity in the ram (Murray etal., 1990). 


Parameter 

Independent variable 

R 2 

CBW (g/day) 

-286.7 + 26.7 DEI - 0.2 CPI 

0.85 

CBW (g/day) 

-263.5 + 23.2 DEI 

0.85 

CSC (mm/day) 

-0.92 + 9.73 x 10“ 2 DEI - 2.02 x 1 0“ 3 CPI 

0.82 

CSC (mm/day) 

-0.69 + 6.22 X 10- 2 DEI 

0.61 

CSC (mm/day) 

4.70 - 4.75 x e-°- 0042CBW 

0.86 

CTV (ml/day) 

-294 + 27.8 DEI -0.26 CPI 

0.93 

CTV (ml/day) 

-272 + 23.6 DEI 

0.93 

CTV (ml/day) 

10.15 - 10.26 x e - 0 00102CBW 

0.52 


CBW, Change in bodyweight; CSC, change in scrotal circumference; CTV, change in testicular volume; DEI, digestible 
energy intake (MJ/day); CPI, crude protein intake (g/day). 
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Table 7.7. Comparison between data of Istituto Zootecnico e Casario Centre (IZCC) and INRA. 


IZCC 

Intake ,, IDA Difference 


(kg/head/day) | t k IZCC INRA IZCC vs. INRA 



Hay 

Cone. 

(kg/head/day) 

UFL 

g PDI 

UFL 

g PDI 

UFL 

g PDI 

Group 1 

1.31 

0.62 

1.10 

1.29 

136 

0.90 

62 

+0.39 

+74 

Group 2 

1.19 

0.68 

1.20 

1.27 

134 

0.96 

66 

+0.31 

+68 

Group 3 

1.20 

0.48 

1.10 

1.18 

105 

0.86 

59 

+0.24 

+46 

Group 4 

1.23 

0.54 

1.30 

1.26 

111 

0.96 

66 

+0.34 

+45 

Group 5 

1.47 

0.59 

1.47 

1.40 

174 

0.84 

58 

+0.56 

+116 

Group 6 

1.54 

0.68 

1.80 

1.52 

187 

0.96 

66 

+0.56 

+121 


Bodyweight variation was not observed. 


‘flushing’, and disappearing after 3-4 
weeks. 

• Increase in FSH concentration, evident 
after 10 days, but still detectable for sev- 
eral weeks. 

• Increase in testicular size, evident after 2 
weeks. 

Feeding effects on testicular growth depend 
in part on hypothalamus-hypophysis hor- 
mones (GnRH, LH and FSH), and in part 
on mechanisms as yet unexplained. These 
probably act in conjunction with other hor- 
mones such as insulin, somatotropin, 
somatomedin and prolactin. These hor- 
mones, which have receptors in the testis, 
could act by promoting cell division and 
steroid release (Boukhliq and Martin, 1996; 
Blache et al., 2000). 

The limited knowledge available on ram 
nutrition does not allow careful determina- 
tion of energy and protein requirements of 
rams during the reproductive period. Indeed 
the feeding of the ram is often based on 
experience rather than on scientifically 
tested feeding techniques. Available data 
refer to stall-fed rams of different breeds, 
which have different maintenance require- 
ments compared with those of grazing rams 
during the mating period. The different sys- 
tems of requirements evaluation (AFRC, 
CSIRO, INRA, NRC) show only data relative 
to energy and protein requirements for 
maintenance, e.g. increasing rations for the 
reproductive activity of rams by 20-40% 
depending on the reproductive technique 


(natural mating, controlled mating or 
penned rams) being followed. 


7.2.3 Feeding rams in artificial insemination 
centres 

In this final section, some data derived from 
centres for semen production for artificial 
insemination are detailed. 

In the ‘Le Bourguet’ centre in Aveyron, 
France, the daily diet of Lacaune rams 
(bodyweight 100-110 kg), at maintenance 
and out of the breeding season, consists of 
1.8 kg of meadow and lucerne hay and 0.5 
kg of commercial concentrates. During the 
period of semen collection the diet is 
amended to 1.6 kg of lucerne hay and 0.6 
kg of commercial concentrate (Brios, per- 
sonal communication). 

Other data are provided by ‘Istituto 
Zootecnico e Caseario per la Sardegna’, a 
centre for ram semen collection for the 
Sarda breed. At this site, experiments car- 
ried out in autumn have shown that rams do 
not increase in bodyweight while consuming 
diets with energy and protein levels higher 
than those recommended by INRA (Table 
7.7). This occurs irrespective of feeding 
regimes (Table 7.8), which differed for 
included feedstuffs (Table 7.9). 

The differences between field experi- 
ence and INRA recommendations, relative 
to energy and protein supply, could be due 
to higher food consumption and to lower 
alimentary efficiency of rams fed collectively 
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Table 7.8. Diet for rams housed and fed collectively. 



n 

BW 

Type of hay 

Concentrate (kg/head/day) 

Group 1 

6 

72.4 

Italian ryegrass 

Mixed feed (0.62) 

Group 2 

5 

78.8 

Italian ryegrass 

Mixed feed (0.68) 

Group 3 

6 

67.5 

Italian ryegrass 

Lupin (0.48) 

Group 4 

5 

78.5 

Italian ryegrass 

Lupin (0.54) 

Group 5 

5 

65.8 

Lucerne 

Mixed feed (0.59) 

Group 6 

6 

78.5 

Lucerne 

Mixed feed (0.68) 


BW, bodyweight; hay, ad libitum-, TMR, twice daily. 


compared to rams fed individually. The lat- 
ter are often the subject of studies from 
which evaluations of nutritive requirements 
originate (D’Hour et al., 1991; Ingvartsen 
and Andersen, 1993). This phenomenon 
has been observed both in beef cattle, which 
when kept collectively consumed about 
4.7% more food than animals kept individu- 
ally (Broadbent et al., 1970), and in dairy 
cattle, which consumed 7% more food 
when kept in an open stall system, without 
showing weight and milk production differ- 
ences (Coppock et al., 1972). 

Since rams used for artificial insemina- 
tion are almost always housed indoors, in 
order to maximize photoperiods in an artifi- 
cial environment, the use of total mixed 
ration (TMR) can represent a valuable feed- 
ing system. For instance, a typical TMR is 
composed of 3.0 kg maize silage, 0.15 kg 
lucerne hay, 0.25 kg ryegrass hay, 0.4 kg 
commercial concentrate and 0.2 kg peas. 
The residual represents 5-10% of the 
offered food, even if a large part consists of 
maize cobs and lignified stems. 

The TMR can also be used for ram 
lambs, whose diet must have energy and 
protein concentrations of 0.85 UFL/kg DM 
and lOOg PDI/kg DM, respectively (Table 


7.10). Because they are growing animals it 
is necessary to integrate their diet with min- 
erals and vitamins (20 g/day) and to pro- 
gressively increase the quantity of food 
offered relative to the increase in intake 
capacity of the animals, but without exceed- 
ing 750-800 g/day of concentrate. 

The future sires, usually born in 
November from ewes belonging to the 
genetic improvement plan and which were 
artificially inseminated in May-June, are 
transferred to the centre when they are 2.5 
months of age and have reached 20 kg 
bodyweight. Before being subjected to 
semen collection ram lambs must reach 
42-43 kg bodyweight, which is achieved 
after approximately 120 days at the centre, 
with 170 g/day of daily growth. 

With regard to reproductive features, 
evident differences in semen quantity and 
quality have been observed between young 
and adult rams. In young rams the incidence 
of discarded ejaculates, poor spermatic con- 
centration and contractility after 6-8 h from 
semen collection is high. These parameters 
are often below the sufficiency threshold 
and accordingly prevent the use of semen 
for artificial insemination. Therefore, semen 
collection starts at 6-8 months of age with 


Table 7.9. Chemical composition and energy values of feeds. 



DM(%) 

0M(%) 

CP(%) 

UFL 

PDIN (g) 

PDIE(g) 

UEM 

Ryegrass hay 

85.0 

89.9 

9.7 

0.67 

60 

74 

1.60 

Lucerne 

85.0 

90.1 

18.9 

0.71 

121 

98 

1.05 

Mixed feed 

87.5 

90.0 

16.0 

1.00 

97 

99 

- 

Lupin 

91.9 

89.2 

32.7 

1.12 

188 

67 

- 
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Table 7.10. Composition of TMR fed to ram lambs. 


Food 

As fed (g) 

Dry matter (g) 

UFL 

PDIN (g) 

PDIE(g) 

Lucerne hay 

110 

95 

0.06 

11 

9 

Ryegrass hay 

110 

95 

0.06 

9 

8 

Maize silage 

750 

230 

0.20 

16 

17 

Soybean meal 

60 

50 

0.05 

18 

12 

Mixed feed 

600 

530 

0.48 

51 

52 

Total 

1870 

1000 

0.85 

105 

99 


a frequency of service equal to three times 
per week. Since semen vitality decreases 
rapidly from collection to the time of insem- 
ination (Bogliolo et ai, 2000), semen qual- 
ity at collection should be high. Therefore, 


utilization of adult rams, as mentioned pre- 
viously, is limited to two consecutive services 
on alternate days. Table 7.11 shows the val- 
ues of some of the parameters used for the 
evaluation of semen quantity and quality. 


Table 7.11. Semen characteristics of different types of Sarda ram (Sanna etal., 1995). 


<18 months 18-20 months > 54 months 


Volume/collection (ml) 

0.83 a 

1.63 b 

1.84 b 

Motility (scale 0-5) 

3.27 

3.21 

3.21 

No. of spermatozoa 

3.77 

3.92 

3.78 

Paillettes/collection (n.) 

6.6 

14.7 

16.1 

Paillettes/breeding season (n.) 

30.0 

207.0 

300.0 


a 0ne ejaculate; b two consecutive ejaculates. 
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In dairy sheep, as in other ruminants, feed- 
ing is a major factor affecting the quality of 
milk. Nutrition directly influences the synthe- 
sis and rates of secretion of milk fat and total 
protein (N x 6.38) and it may also affect the 
concentrations of minerals and vitamins. 
Aromatic compounds or toxic and poison- 
ous substances fed to sheep may be trans- 
ferred to the milk. Nutrition may influence 
the somatic cell count (SCC) and microbial 
concentration of milk. Therefore, nutrition 
influences all aspects of the processing per- 
formances of the milk including milk clotting 
properties, cheese yield, ripening time, 
preservability and flavour of cheese. 

8.1 Fat, Total Protein and Total 
Utilizable Substances (TUS) 

As most ovine milk is used to make cheese, 


the yield of cheese from each litre of milk 
depends mainly on its fat and protein con- 
centrations. The ‘scotta’, which is the whey 
obtained after ricotta cheese is made by heat- 
ing the cheese whey, contains non-fermented 
lactose in concentrations greater than those 
found in milk (5. 0-5. 2%). Because of the 
evaporation that occurs during the processing 
of cheese, it also contains roughly 1% of total 
protein (50% protein, 50% non-protein nitro- 
gen) and traces of fat (Table 8.1). 

It is known that protein contributes 
more than fat to the cheese yield (Casu and 
Marcialis, 1966; Pirisi et al., 1994; Barillet 
et al., 1998). Because the ‘scotta’ contains 
roughly 16-18% of the original milk pro- 
tein, we propose to consider the two com- 
ponents as having the same weighting and 
to adopt a unique parameter for evaluation 
of the quality of milk in terms of cheese 
yield. This parameter, called total utilizable 


Table 8.1. Average composition (%) of whey and ‘scotta’ from ovine milk (Comendador etal., 1996). 





Protein 




Water 

Fat 

(N x 6.38) 

Lactose 

Ash 

Cheese whey a 

91.77 

1.25 

1.63 

4.75 

0.62 

Scotta b 

93.14 

0.19 

1.10 

5.14 

0.48 


a Cheese whey is a by-product of cheese-making obtained after the milk is clotted and the curd is separated from the 
whey. The protein it contains is mainly represented by whey proteins. These can be further separated by precipitating 
them at high temperature to produce ricotta; b the whey left after the ricotta is made is called scotta. 
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substances (TUS) of milk, is the sum of the 
fat and protein content of milk, expressed in 
g/1. For example, 1 litre of milk, containing 
6.5% of fat and 5.8% of protein, corre- 
sponds to 123 g TUS. 

Combining fat and protein levels to 
evaluate the productive potential of ovine 
milk is not a new idea. Casu (1989) and 
Caroli et al. (1993) referred to an analogous 
parameter used in the breeding scheme of 
Lacaune sheep, but in their case the fat and 
protein were weighted differently. However, 
since cheese yield is highly variable depend- 
ing on the kind of cheese, the manufactur- 
ing process and the possible utilization of 
cheese whey for manufacturing ricotta, etc., 
using the same weighting for fat and protein 
is not too distant from the actual estimate of 
milk quality for cheese-making, and it has 
the advantage of being very simple to calcu- 
late. The TUS parameter has been used by 
Barillet et al. (1998), who considered the 
‘Taux de Matiere Seche Utile (TMSU)' of 
milk a useful and accurate predictor of 
Roquefort cheese yield from the milk of 
Lacaune sheep. 

The effects of nutrition on the concen- 
trations of fat and protein fall under a cur- 
rent paradigm which is based mainly on 
research conducted on dairy cows. This par- 
adigm, frequently transposed and applied to 
dairy sheep (Polidori et al., 1991; Bencini 
and Pulina, 1997) for explaining the rela- 
tionship between feeding and yield of TSU, 
is based on four assumptions: 

• Milk yield and its fat and protein concen- 
trations are inversely correlated. 

• Milk fat is positively correlated with the 
concentration of neutral detergent fibre 
(NDF) in the ration. 

• Non-fibre carbohydrates (NFC) are posi- 
tively correlated with protein concentra- 
tion and negatively correlated with fat 
concentration in the milk. 

• Feeding fat increases fat and depresses 
protein concentrations in milk. 

We shall now examine how these assump- 
tions apply in the case of the dairy sheep, 
and in Section 8.1.2 we will see that not all 
of these assumptions hold true. 


8.1.1 Fat and protein yield and quality 

Milk fat content 

Nutrition affects the concentration of fat in 
the milk and its fatty acids content. Fat con- 
centration (%) is normally correlated posi- 
tively with the concentration of NDF in the 
diet. Pulina and Rassu (1991), using data 
from experiments based on traditional feed- 
ing strategies (hay + supplement of concen- 
trate to cover nutritional requirements) in 
dairy sheep, calculated the relationship 
between milk fat (%) and NDF (% on DM 
basis) in the diet: 

fat = 4.59 + 0.05 NDF (R = 0.48) 

However, a higher percentage of NDF 
in the ration will cause a decrease in DM 
intake and digestibility, with a drop in milk 
production and consequent increase in milk 
fat concentration. Intake of a low-NDF ration 
will cause inadequate ruminal fermentation, 
resulting in a drop in milk yield and fat con- 
centration (Poulton and Ashton, 1972; 
Oddy, 1978; Chiofalo et al., 1993), espe- 
cially if it induces ruminal acidosis (Rossi et 
al., 1988). To avoid this problem, recom- 
mended levels of NDF should not fall below 
30-32% of the DM in the ration: above this 
level our experimental data did not show a 
further increase in milk fat concentration, 
even if an increase in chewing activity time 
was observed (Pulina and Rassu. 1991). 

Important aspects of dietary fibre are its 
quality, composition of structural carbohy- 
drates, density and size of fibrous particles. 
Regarding its quality, leguminous fibre, such 
as NDF derived from Medicago spp. 
(lucerne), is more digestible and results in 
greater voluntary feed intake (Van Soest, 
1994). The size of the fibrous particles influ- 
ences chewing time and ruminal retention 
time. In Dorset and Finn ewes fed a diet 
with a forage to concentrate ratio of 56:44, 
an average concentration of NDF of 41.6% 
and a reduction in particle size of hay, 
through a grinder with mesh sizes from 
12.7 to 1 mm, resulted in a reduction in 
ruminal activity, an increase in feed intake 
and an increase in the ruminal concentra- 
tion of propionate. As a consequence, there 
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was an increase in milk production and pro- 
tein yield without a depression in milk fat 
concentration (Cannas, 1995). This sug- 
gests that sheep are less sensitive than cows 
to reductions in the length of fibre particles, 
even though the forage intake index (F1I = 
average particle size x NDF), previously pro- 
posed for cows by Woodford et al. (1986) 
for adjusting forage intake according to par- 
ticle length, showed a positive correlation 
with the concentration of milk fat in Sarda 
dairy ewes (Pulina and Rassu, 1991). 

Milk fat may be influenced by other fac- 
tors such as the lipid content in the diet, the 
level of fat supplementation, the quality of fat 
ingested, the use of buffers and the feeding 
frequency. Generally, feeding sheep diets 
with added fat results in increases in milk fat 
of up to 4-5% of fat on DM. Higher con- 
centrations of fat in the diet lead to a depres- 
sion in milk fat through a fall in microbial 
activity in the rumen, a reduction of short- 
chain fatty acid synthesis in the udder and a 
decrease in the rate of metabolites (mainly 
fatty acids from lipoproteins) that the mam- 
mary gland takes up from the blood. 

Rumen-protected fats are naturally 
present in some feedstuffs (soybean, cotton, 


sunflower) or can be obtained artificially. 
The most frequently used are the calcium 
soaps of fatty acids (CSFA). Their use in 
dairy sheep increases the fat concentration 
of the milk (Fig. 8.1) and changes the milk 
fatty acid profile, which reflects the compo- 
sition of the CSFA added to the diet (Sklan, 
1992), confirming previous findings in dairy 
cows. The use of CSFA is normally accom- 
panied by a reduction in milk protein con- 
centration (Sklan, 1992; Bencini and 
Pulina, 1997), partly due to 'dilution 
effects’, since milk yield tends to increase, 
partly due to the reduced capacity of the 
mammary gland to utilize amino acids. 
However, protected fat added to the diet 
has no effect on the relative proportion of 
nitrogen compounds and on the clotting 
properties of the milk. The effects of CSFA 
on milk composition depend on the dose of 
calcium soaps and on the stage of lactation. 
Bocquier and Caja (2001) reported that the 
optimum amount of CSFA for maximization 
of milk fat yield is 70 g/day. 

Casals et al. (1999) observed that 
greater fat concentrations in milk can be 
obtained using CSFA at the beginning of 
lactation because of the lower activity of 



CSFA Control 


Fig. 8.1. Effect of calcium soaps of fatty acids (CSFA, 4.5% of DM) on the concentration of fat in the milk 
of Sarda ewes (Rossi et al., 1 991 ). 


132 


A. Nudda et al. 


lipogenic enzymes, which favours the 
uptake of dietary fatty acids by the mam- 
mary gland, whereas a depression in the 
concentration of protein in milk occurs, par- 
ticularly in the final stage of lactation. 

When sheep are fed rations containing 
large amounts of concentrates or readily fer- 
mentable carbohydrates (e.g. soluble starch 
or sugars), the addition of buffers to the diet, 
e.g. sodium bicarbonate, calcium carbonate 
or magnesium oxide, may prevent a 
decrease in milk fat concentration because 
they: (i) maintain ruminal pH within the 
optimum range for cellulose fermentation; 
and (ii) increase the efficiency of lipid transit 
from the gastrointestinal tract to the mam- 
mary gland. Another theory regarding the 
action of ruminal buffer salts has been pro- 
posed by Russel and Chow (1993), who 
reported that the action of bicarbonate 
could be explained by increased water 
intake and increased ruminal fluid dilution. 
This would, in turn, result in a greater out- 
flow of undegraded starch from the rumen 
with a consequent decrease in the produc- 
tion of ruminal propionate. 

There are contradictory reports regard- 
ing the effect of protein concentration in the 
diet on milk fat concentration. Some authors 
(Cowan et a/., 1979; Rossi et al., 1991) 
reported an increase in milk fat when protein 
concentration was increased, but others 
(Cowan et a/., 1979; Pulina et al., 1990a) 
did not find any effect. The use of urea in the 
diet caused a depression in milk fat, which 
resulted in a greater concentration of unsat- 
urated fatty acids (Farid et al., 1979). 

The diet of high-producing ewes often 
contains high levels of concentrates. In 
Sarda dairy ewes we observed that animals 
that were offered the supplement three 
times during the day, rather than only once 
a day, produced milk with a greater fat con- 
tent as a consequence of reduced fluctua- 
tions in ruminal pH. 


Milk fatty acid composition 

The fatty acid composition of milk fat can 
also be modified by feeding strategies that 
influence the pattern of the precursors that 


the mammary gland removes from the 
blood for fat synthesis. The main factors 
that affect fatty acid composition are the 
energy concentration of the diet, the 
(acetate+butyrate):propionate ratio in the 
rumen and the level and quality of fat in the 
ration. 

If sheep are underfed they mobilize 
body fat, then subsequently long-chain fatty 
acids (LCFA) - particularly stearic, oleic and 
linoleic acids - increase in the milk fat 
(Payne and Rattray, 1980; Storry, 1988; 
Piva and Fusconi, 1989), while short- and 
medium-chain fatty acids (S/MCFA) 
decrease (Rossi and Pulina, 1991). Adding 
supplementary rumen-protected amino 
acids - methionine and lysine - to the diet 
increased the concentration of milk fat 
(Perna et al., 1994), the levels of 
C16:0-C18:3 by 5% and the unsaturated: sat- 
urated fatty acid ratio by 4% in the milk of 
Comisana ewes (Sevi et al., 1998). By con- 
trast, the synthesis of S/MCFA is favoured 
by a high (acetate+butyrate):propionate 
ratio, which increases as the fibre concen- 
tration in the diet increases, decreases as 
fibrous particle size decreases and depends 
also on the composition of the cell walls of 
the plants ingested by the sheep. Adding 
supplementary rumen-protected fat to the 
diet can increase the proportion of unsatu- 
rated fatty acids in ovine milk (Table 8.2) 
and desirable fatty acids, such as omega-3, 
can be included in the milk. 

Among the lactic unsaturated LCFA, of 
particular interest is conjugated linoleic acid 
(CLA), the concentration of which can be 
markedly influenced by diet. The acronym 
CLA is used to describe a mixture of isomers 
of octadecaienoic acid with conjugated dou- 
ble bonds. The major isomer of CLA in milk 
is cis-9, trans-11 and it represents about 
80% of the total CLA (Parodi, 1977). A 
range of beneficial effects on health (anti- 
carcinogenic, growth promotion, anti-arte- 
riosclerotic) has recently been reported for 
this compound in research with animal 
models (Ha et al., 1989; Kelly and Bauman, 
1996; Banni and Martin, 1998; Parodi, 
1999). CLA in the milk of ruminants derives 
from the biohydrogenation of unsaturated 
fatty acids in the rumen (Parodi, 1977). 
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Table 8.2. Fatty acid composition of milk fat in dairy ewes fed calcium soaps of fatty acids (CSFA). 


Pulina etal. (1990b) 

Perez Alba etal. (1999) 

Control CSFA 

Control CSOFA 


Milk yield (kg/day) 

1.09 

1.21 

1.40 

1.56 

Fat yield (g/day) 

84 

101 

181 

198 

Fatty acids (% of FA) 
C8:0 

1.7 

1.1" 

2.7 

1.4 b 

Cl 0:0 

6.0 

3.6 b 

9.6 

4.2 b 

Cl 2:0 

3.8 

2.3 b 

5.7 

2.7 b 

Cl 4:0 

11.2 

8.4 b 

12.1 

8.3 b 

Cl 6:0 

29.8 

34. 2 b 

24.1 

21 ,6 a 

Cl 6:1 

1.3 

1.3 

1.1 

1.0 

Cl 8:0 

10.1 

9.0 a 

7.2 

9.2 a 

Cl 8:1 

20.1 

25.7 b 

15.9 

31 ,0 b 

Cl 8:2 

4.9 

5.4 

1.8 

1.3 b 

Cl 8:3 

5.0 

4.0 b 

- 

- 


CSFA, calcium soaps of fatty acids; CSOFA, calcium soaps of olive fatty acids. 
Significant differences: a P < 0.05, b P < 0.01 . 


However, Griinari et al. (2000) hypothe- 
sized that cis-9, trans-11 CLA would origi- 
nate in the mammary gland from 
desaturation of trans-11 C18:l. Many stud- 
ies have been published on CLA in bovine 
milk (Jiang et al., 1996; Dhiman et al., 
1999; Parodi, 1999; Griinari et al., 2000), 
but there are very few on ovine milk, despite 
the fact that the content of CLA found in 
ovine milk, cheese and especially in the 
ricotta was greater than in bovine dairy 
products (Table 8.3) (Banni and Martin, 
1998; Prandini et al., 2001). 

In any case, in ovine (Banni and Martin, 
1998), bovine (McGuire et al., 1997; Banni 
and Martin, 1998; Griinari, 1998; Dhiman 


Table 8.3. Cl 8 fatty acid content (mg/g of fat) of bovine 
and ovine milk and in some Italian dairy products (Banni 
and Martin, 1998). 


Product 

1 8:1 1 

18:2 

CLA 

Bovine milk 

19.22 

15.79 

7.10 

Yogurt 

43.37 

25.12 

7.98 

Parmesan 

32.21 

17.67 

8.65 

Ovine milk (green forage) 

85.74 

9.78 

29.78 

Ovine milk (dry forage) 

13.14 

24.40 

11.72 

Pecorino cheese 

49.92 

17.93 

13.03 

Ricotta 

91.04 

17.50 

24.19 


et al., 1999) and caprine (our unpublished 
results) milk, CLA concentrations are 
greater when the animals have access to 
grazing pasture. This is due to the higher 
ingestion of polyunsaturated fatty acids 
(PUFA) in pasture compared to that with dry 
forages; forage maturity is also an important 
factor affecting CLA concentration in milk. 
In cows the intake of diets containing forage 
at its early growth stage increased milk CLA 
content compared to diets that included late- 
growth or second-cut forage (Chouinard et 
al., 1998). 

Furthermore, rations containing differ- 
ent fat concentrations and varying relative 
amounts of roughage can also induce varia- 
tions in the concentration of CLA (Jiang et 
al., 1996; Kelly and Bauman, 1996; 
McGuire et al, 1997). In dairy sheep, if the 
fibrexarbohydrate ratio is reduced, biohy- 
drogenation is decreased and there is accu- 
mulation of the precursors of the cis-9, 
trans-11 C18:2 in the rumen (Gerson et al., 
1985). CLA content also depends on the fat 
content of the diet: McGuire et al. (1997) 
found that in bovine milk CLA concentra- 
tion increased from 2.3 to 2.9 mg/g of fat 
if the concentration of fat in DM was 
increased from 3.0 to 7.2% using maize oil. 
This result suggests that protected fat with a 
particular fatty acid composition can be fed 
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to dairy animals for increasing the target 
acid fraction. Almost all ovine milk is trans- 
formed into cheese, so it is important that 
transformation and conservation of dairy 
products do not affect CLA content (Lin et 
a/., 1995). This stability of CLA may be due 
to its association with the whey proteins, 
particularly (3-lactoglobulin, which may pre- 
vent isomerization and oxidation (Banni and 
Martin, 1998). Since ovine milk has a 
greater concentration of P-lactoglobulin 
than bovine or caprine milk, this would 
explain the greater concentration in CLA 
found in dairy products derived from ovine 
milk (Casper et al., 1998; Pena et al., 
1998). 

Interference by ruminal CLA in fat syn- 
thesis in the mammary gland is one of the 
theories adopted to explain the low fat syn- 
drome in cows (and probably also in dairy 
sheep) following the ingestion of high doses 
of concentrates (Bauman and Griinari, 
2000). However, the depression of milk fat 
seems to be caused by trans-10, cis-12 
linoleic acid (Baumgard et al., 2000), rather 
than by the cis-9, trans-11 isomer. 


Milk protein content 

The protein content of milk is influenced by 
the concentrations of energy, protein and 
lipid in the ration and also by the quality of 
the protein and the lipid. Protein in milk is 
much harder to manipulate nutritionally 
than fat. Milk protein concentration is posi- 
tively correlated with the energy content of 
the ration, particularly when the additional 
energy comes from soluble carbohydates 
(Gonzalez et al., 1984). This can be 
explained because: (i) ruminal ammonia 
decreases and bacterial protein increases, 
due to improved conditions for the develop- 
ment of ruminal microbes, resulting in 
improved utilization of nitrogen in the 
rumen; and (ii) ruminal production of propi- 
onate - which increases the availability of 
non-essential amino acids that are no longer 
required for gluconeogenesis - can there- 
fore be taken up by the mammary gland and 
transformed into milk protein. 

Generally, dietary crude protein (CP) 


concentration affects milk yield, but not milk 
protein percentage, and so protein yield 
increases. However, when the diet is defi- 
cient in CP, which often occurs when sheep 
are fed poor-quality forage, the protein con- 
tent in milk decreases (Calderon-Cortes et 
al., 1977). A negative relationship between 
dietary CP and milk protein percentage can 
also be an indicator of excessive rumen- 
undegradable protein in the diet; this has 
been associated with a decrease in microbial 
protein synthesis and amino acid flow to the 
small intestine. On the other hand, feeding 
excessive degradable CP, such as urea, can 
reduce milk protein content. 

Supplemental dietary fat and CSFA can 
decrease protein content in milk (Fig. 8.2). 
The underlying mechanism is not fully 
understood, but it could be due to a lower 
availability of fermentable energy in the 
rumen for the synthesis of bacterial protein, 
or to the lower response by the mammary 
gland to insulin, resulting in the reduction of 
amino acid uptake, or to a dilution effect 
resulting from increased milk yield. In cows, 
increasing the total amount of dietary amino 
acids reaching the small intestine by using 
rumen-undegradable protein (RUP), or 
rumen-protected amino acids, may partly 
alleviate the milk protein depression associ- 
ated with supplemental dietary fat. In sheep, 
supplementary RUP demonstrated effects 
on milk protein content only when the CP 
of pasture was low (Casals et al., 1999). 


Milk protein fraction 

The composition of total protein (caseins, 
whey proteins, NPN) in the milk depends on 
the energy: protein ratio in the diet, on its 
CP concentration and on the use of rumen- 
protected protein. 

To optimize the dietary utilization of 
nitrogen, the diet should be balanced for 
energy and protein for both quantity and 
ruminal degradation kinetics. This results in 
maximum microbial growth per unit of DM 
fermented, in lower urinary losses of energy 
and nitrogen and in the optimum utilization 
of dietary nitrogen for casein synthesis. 

Urea is the nitrogen compound that is 
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Fat-added Control 


Fig. 8.2. Effect of use of rumen-protected fat (4.5% of DM) on protein content of ovine milk (Rossi ef a/., 
1991). 


most sensitive to the concentration of 
protein in the diet. Cannas et al. (1998) 
showed that there is a close corre- 
lation between milk urea nitrogen (MUN) 
and CP concentration in the diet (see 
Chapter 6). Effectively, MUN can be used as 
an indirect indicator of protein in the diet, 
especially for animals on pasture, for which 
evaluating protein in the diet is particularly 
difficult. 


8.1.2 Dietary NDF, crude protein and milk 
TUS yield 

So far, we have dealt with the current inter- 
pretation of the relationship between the 
components of the diet and the quality of 
ovine milk in the light of the ‘dairy cow par- 
adigm’ briefly summarized in Section 8.1.1. 
However, we have recently partially refuted 
this paradigm as we are accumulating exper- 
imental data showing that an increase in 
dietary fibre does not always result in an 
increase in milk fat concentration (Pulina et 
al., 2000). We have analysed a series of 
data derived from over 120 scientific publi- 
cations on dairy sheep (each datum is the 
average result from an experiment). 

Amongst the correlations that link nutri- 
tion and milk composition (Table 8.4), two 
are particularly important: 


• The so-called ‘dilution effect’, which 
causes a reduction in milk fat when milk 
production increases. 

• Increase in milk fat concentration with 
the increased content of NDF in the diet. 

It is evident that the first phenomenon con- 
founds the interpretation of the second. 
With higher fibre content in the diet, less 
energy is ingested (due to the lower 
digestibility of the diet and lower feed intake) 
and therefore there is a reduction in milk 
production and fat concentration increases. 
However, with a reduction in milk produc- 
tion, we observed a reduction in the yield of 
fat and protein (expressed in g/day). 
Therefore, the positive effect of NDF on fat 
percentage is due more to the reduced pro- 
duction of milk and consequent increase in 
fat concentration than to the direct effect of 
fibre on this component. 

The dendrogram reported in Fig. 8.3, 
derived from cluster analyses of the variables 
in Table 8.4, highlights the importance of 
daily energy intake in determining milk pro- 
duction and its quality. However, energy 
intake is affected positively by the CP con- 
tent of the diet, and negatively by the con- 
tent of NDF. 

The hypothesis that best explains these 
results is this: the increase in energy avail- 
able to the animals following the ingestion 
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Table 8.4. Correlation matrix between feeding factors and quantity and quality of milk produced. 


Variables 

DMI 

El 

CP 

NDF 

DBW 

MY 

Fat 

Pr 

FY 

Dry matter intake 
(DMI) (kg/day) 

- 









Energy intake (El) 
(UFL/day) 

0.94 

" 








Dietary crude protein 
(CP) (%) 

0.32 

0.49 

— 







NDF (%) 

-0.37 

* 

* 

- 






Bodyweight change 
(DBW) (g/day) 


0.41 


* 

— 





Milk yield (MY) 
kg/day 

0.59 

0.61 


-0.62 

-0.49 





Milk fat (Fat) (%) 

-0.26 

* 

* 

0.38 

0.41 

0.64 

- 



Milk protein 
(Pr) (%) 




* 



0.48 

— 


Fat yield (FY) 

0.64 

0.69 

0.32 

-0.57 

-0.42 

0.93 

-0.38 

k 

- 

Protein yield 

0.56 

0.57 

* 

-0.65 

-0.58 

0.99 

-0.63 

1 k 

0.92 


UFL, milk forage unit, energy unit of the INRA system corresponding to 1 .70 Meal of ENL. 
Coefficients differ from zero at P< 0.05. 


of diets with low NDF is primarily utilized in 
producing lactose as the increase in metab- 
olizable energy coincides with an increase in 
the blood glucose available for lactose syn- 
thesis (Freetly and Ferrell, 1999). 

At the same time, blood flow to the 
mammary gland increases due to local fac- 
tors controlled by the metabolic hormones 
(insulin, IGF and neuro-hormones), the 
mammary gland uptake of milk precursors 
increases, lactose production increases, pro- 


tein production increases as some amino 
acids are released from gluconeogenesis 
(hepatic or mammary) and their uptake 
becomes more efficient. Fat production 
increases because: (i) there is a greater inclu- 
sion of LCFA in milk; and (ii) a greater quan- 
tity of excess glucose after lactose synthesis 
can be utilized directly for fat synthesis. 

In practice, the correlation between 
milk fat and NDF depends on the energy 
status of the animals. Bocquier and Caja 



Fig. 8.3. Dendrogram of correlation between the main feeding and production variables reported in Table 

8.4. 
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Energy balance 

(UFL intake - UFL requirements for maintenance and lactation) 


Fig. 8.4. Relationship between energy balance (UFL/head/day) and fat concentration in milk (Cannas et a!., 
2001 ). 


(2001) and Cannas et al. (2001) observed a 
decrease in milk fat concentration as the 
energy balance of dairy sheep became posi- 
tive, independent of milk yield (Fig. 8.4). 

When the energy balance is positive, 
NDF concentration in the ration and milk fat 
concentration are negatively correlated, but 
if the energy balance is negative, the two 
parameters are positively correlated. 


Cannas (personal communication) sug- 
gested that if energy balance is negative, 
body fat mobilization leads to an increase in 
LCFA in blood plasma. Because the ovine 
mammary gland is very efficient at extract- 
ing circulating LCFA, milk fat concentration 
increases, and the proportion of LCFA to 
C16 in the milk fat increases too. This phe- 
nomenon is clearly shown in Table 8.5: as 


Table 8.5. Fatty acid composition of ovine milk fat at different energy bat 
ances (Rossi and Pulina, 1991). 


Fatty acids (°/ 

Bodyweight change (kg/week) 

i>) +1.5 

-1.1 

-3.8 

C4:0 

3.31 

2.49 

2.21 

C6:0 

2.81 a 

1.29 b 

0.84 b 

C8:0 

2.87 a 

1.09 b 

0.65 b 

Cl 0:0 

5.62 a 

2.70 b 

1.52 b 

Cl 2:0 

4.07 a 

1.88 b 

1.1 0 b 

Cl 4:0 

9.84 a 

6.96 a 

3.43 b 

Cl 6:0 

22.86 

24.67 

24.15 

Cl 6:1 

1.50 

1.56 

1.57 

Cl 8:0 

7.1 4 a 

10.93 a 

13.58 b 

Cl 8:1 

1 6.91 a 

21 ,52 a 

28.47 b 

Cl 8:2 

5.42 

5.86 

6.47 

Cl 8:3 

0.31 a 

0.27 a 

0.65 b 


a ' b Means with different superscript differ P< 0.05. 


138 


A. Nudda et al. 



Fig. 8.5. Relationship between TUS yield per ewe (g/day) and fibre concentration in the ration (NDF as % 
of DM). 


sheep move from negative to positive body- 
weight change, the fraction of LCFA 
increases dramatically. If energy balance is 
positive, LCFA concentration in the blood 
decreases, the proportion of S/MCFA in the 
blood plasma increases and milk fat concen- 
tration decreases because those fatty acids are 
synthesized directly by the mammary gland. 

It would be expected that the produc- 
tion of TUS in milk would be determined by 
the same characteristics of the diet that sep- 
arately control the production of fat and 
total protein. Using the same series of data, 
we calculated the second-order relationships 
that link the production of TUS to the con- 
centration of fibre in the ration: 

TUS = 957.7 - 36.0 NDF + 0.372 
NDF 2 R 2 = 0.54, 

where NDF is expressed as % of DM and 
TUS is in g/day. In any case, data are 
grouped along the descending part of a par- 
abolic curve (Fig. 8.5). 

Nevertheless, the most informative 
function is the relationship between TUS 
and the CP: NDF ratio of the diet. The most 
appropriate equation describing this phe- 
nomenon is of second order too, but data 
are mainly grouped along the ascending 
part of the parabolic curve (Fig. 8.6): 


TUS = 96.4 - 252.7 (CP:NDF) + 824.0 
(CP:NDF) 2 R 2 = 0.544. 

The above relationships confirm that 
NDF is the best index of the transformation 
of nutrients into milk compounds that are 
useful for cheese-making. In particular, the 
first equation shows that diets containing 
less fibre are more efficient because of the 
effects of higher energy concentration and 
higher intake. The second equation, more- 
over, confirms the positive effect of CP on 
TUS caused by the increase of feed intake 
and NDF digestibility, and not by the 
increase in amino acid availability for pro- 
tein synthesis at mammary level. 

8.2 Minerals and Aromatic Compounds 
8.2.1 Minerals 

Normally, mineral macroelements (Ca, P, 
Mg, K, Na, Cl and S) in milk are not modi- 
fied by feeding. However, feeding concen- 
trate supplements with low-quality grass 
may increase the concentrations of Ca and 
P in milk (Ashton et al., 1964). Ca, Na and 
Cl may be reduced in the milk of sheep fed 
rations lacking in those elements (Naitana et 
al . , 1992), but an excess in the diet does not 
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Fig. 8.6. TUS yield per ewe (g/day) as function of dietary CP:NDF ratio. 


alter their concentration in milk (Luquet, 
1985). Legumes, for example, are usually 
higher in Ca content than grass forages, 
which, in turn, are generally higher in Ca 
content than cereals. Mature forages, and 
crop residues (e.g. maize stubble) generally 
contain low levels of P, while cereal grains 
and oilseed meals are moderate to high in P. 
K content is lower in cereals than in forage. 

On the other hand, there are strong 
relationships between mineral microele- 
ments (Mn, Co, Al, F, I, Mo and Se) in the 
diet and their concentrations in milk. In par- 
ticular, feeding sheep with Se supplement 
during the pre-partum period results in its 
increase in colostrum and in milk (Paulson ef 
a/., 1968; Cuesta et al., 1995). The use of 
Zn supplements in the same period does not 
increase its concentration in milk, but results 
in a greater immunological response in the 
newborn, probably because of the function 
of Zn on the interaction of T-helper cells and 
B lymphocytes (Prasad and Kundu, 1995). 
Changes in the equilibrium of minerals can 
be linked, in addition to their concentration 
in the food, to their modification and absorp- 
tion in the gut as a result of dysmetabolic 
syndromes, or of competition among ions. 

The mineral content in milk is particu- 
larly important for its influence (together 
with lactose, citrate and urea) on the freez- 
ing point of milk. This is used as an indica- 
tor of milk adulteration - usually due to the 


addition of water. In animals with acute 
mastitis in later lactation, a slight depression 
of freezing point is normal. Sometimes an 
alteration in freezing point has been 
observed in the milk of animals fed with dif- 
ferent diets, probably related to the mineral 
content of the feed. For example, milk from 
dairy cattle fed with soybean meal showed a 
lower mean freezing point than milk from 
those fed rapeseed. 

A reduction in the concentration of 
minerals in milk can be a negative influence 
on the nutritional value of milk and its clot- 
ting properties: for example, low levels of 
Se and/ or vitamin E in milk can cause nutri- 
tional muscular dystrophy in suckling lambs; 
low levels of Ca in milk can compromise 
clotting properties. 


8.2.2 Aromatic compounds 

Aromatic compounds have to be given special 
attention because of their influence (some- 
times considerable) on cheese flavour (Ha and 
Lindsay, 1991; Rubino and Claps, 1999). 
These substances are generally volatile com- 
pounds, e.g. polyphenols or branched fatty 
acids. In ovine milk there are more than 100, 
although only 16 have major effects on 
cheese bouquet (Moio et al, 1993a, b). 

The concentration and the type of 
volatile compounds in milk are closely linked 
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to diet (Moio et al., 1996). Grazing animals 
on pasture characterized by a specific flora 
can result in the introduction to the milk of 
the compounds responsible for the charac- 
teristic bouquet of some typical cheeses. For 
example, the polyphenols of Thymus herba 
barona (Loisel grass) are transported into 
the milk, resulting in its typical characteris- 
tics and pleasant aroma (Lai and Falchi- 
Delitala, 1982; Lai et al., 1983). Desage et 
al. (1996) fed ewes with a ration containing 
cumin ( Cuminum cuminum L.) as the aro- 
matic source, and observed that the volatile 
compounds most representative of cumin 
seed aroma ((3-pinene, p-cymene, y-ter- 
pinene and cuminaldehyde) were introduced 
to the milk. Some dicotyledons, such as 
Asperula odoratum and Geranium molle, 
markedly influence the aroma of dairy prod- 
ucts because there is a transfer of terpenic 
compounds into the milk (Rubino and 
Claps, 1999). 

Sesquiterpenes have been found in milk 
produced in mountain areas (Dumont and 
Adda, 1978) and in the milk of grazing 
sheep (Moio et al., 1996); these com- 
pounds, therefore, may be useful in distin- 
guishing between cheeses obtained from 
pasture systems and those derived from the 
milk of sheep fed on conserved feeds. Table 
8.6 shows the influence on ovine cheese of 
some feeds, frequently utilized in dairy 
sheep, which may result in off-flavours 
(Urbach, 1990). Off-flavours in the cheese 


have been reported after sheep were fed 
Cruci ferae , certain cereals and legumes, cit- 
rus pulp and poorly conserved silage. 
Conversely, well-preserved, good-quality 
silage did not affect the flavour and aroma of 
ovine cheese (Cavani et al., 1991). 

The use of some concentrates (espe- 
cially oats), if added to the ration in exces- 
sive amounts, can result in unpleasant smells 
due to the presence of certain SCFA in the 
milk (Ha and Lindsay, 1991). 

The use of forages containing betaine 
(beet pulp and Cruciferae) can result in a 
fish-like flavour, probably due to oxidation of 
choline - contained in lecithine - to glycol 
and trimethylamine (Alais, 1988). 

The introduction of undesirable sub- 
stances in the milk depends on the quality 
and quantity of feedstuff ingested. To avoid 
these problems it is important to use feed- 
stuffs of good quality, and if feedstuffs 
responsible for off-flavours have to be fed, 
these should be limited in their quantity. For 
example, when animals consume feeds such 
as lucerne, the dimethyl sulphide content in 
milk increases. In low concentrations, 
dimethyl sulphide contributes to the charac- 
teristic flavour of milk, but in high concen- 
trations it causes a malty defect (Urbach, 
1990). 

The characteristic aroma of ovine 
cheese is mainly due to its high SCFA con- 
tent, (Palo, 1983) and, in particular, to 
caprilic (C8:0) and caprinic (Cl 0:0) acids. 


Table 8.6. Some feeds responsible for anomalous flavours in cheese (Urbach, 1990). 


Feed Compound Off-flavour 


Beet by-products 
Rye and wheat 

Legumes (e.g. Medicago, Vicia ) 
Cruciferae (Brass ica spp.) 

Sunflowers 
Poor-quality silage 
Fruit and residues 
of its processing 
Cress ( Lepidum sativum) 

Excessive amounts of lucerne 


Trimethylamine, formed from betaine 
in the digestive tract 
Trimethylamine 
Not identified 

Mustard oil released during ruminal 

fermentation 

Not identified 

Not identified 

Not identified 

Products derived from benzyl- 

glucosinolate 

Dimethyl-sulphide 


Fish flavour 

Fish flavour 
Bitter flavour 

Pungent smell, due to presence 

of S in flowers 

Oxidized flavour 

Taste of silage 

Off-flavour 

Burnt flavour and pungent 
smell 

Malt flavour 
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These fatty acids may affect cheese aroma 
directly or indirectly by acting as precursors 
of other aromatic compounds (Luquet, 
1985), such as 4-methyloctanoic and 4-eth- 
yloctanoic acids, which are responsible for 
the ‘ram’ and ‘goat’ smells that cannot be 
found in bovine cheese (Ha and Lindsay, 
1991). Again, nutrition, by affecting the rel- 
ative quantities of fatty acids in the milk, 
affects the aroma of its derived dairy prod- 
ucts (see Section 8.1). 


8.3 Somatic Cell Count and 
Microorganisms 

The somatic cell count (SCC) in milk is 
affected by nutrition if errors occur in the 
formulation of feeding regimes that may 
predispose the mammary gland to inflam- 
mation. The correct incorporation in the 
ration of vitamin A, [3 carotene, vitamin E 
and selenium plays a major role in stimulat- 
ing the immune response in the cells of the 
mammary gland, and thereby ensuring the 
production of more milk with a lower SCC 
(Morgante et al., 1995, 1999). Such incor- 
poration is particularly useful when sheep 
are fed mainly conserved fodder (hay or 
silage), which may have undergone consid- 
erable losses in (3 carotene and vitamin E 
during storage. The sudden transition from 
dry fodder to young grass - which is nor- 
mally rich in nitrates - is also often respon- 
sible for an increase in milk SCC and for a 
depression of the ovine immune system 
(Cuccuru et al., 1994). 

The microbial content of milk is a 
very important parameter for ovine milk 
quality, but nutrition has little effect on it. 
Bacteria and other microorganisms in the 
milk derive mainly from the environment, 
and their control depends on the efficiency 
of the milking practice in maintaining a 
clean udder. 

Incorrect nutrition, e.g. excess nitrogen 
with inadequate fibre, may generate anom- 
alous fermentations in the rumen and the 
intestines, which will produce highly con- 
taminating faeces, due to their increased 
microbial contents and larger volume. 

The use of poorly preserved silage, e.g. 


silage that has undergone anomalous fer- 
mentations, of concentrate containing con- 
taminating components or of hay that 
contains soil could increase the bacterial 
count of milk, especially that of Clostridium 
spp. (Manfredini et al., 1987; Cavani et al., 
1991; Deiana et al., 1993; Lodi and Carini, 
1993). These microorganisms have a detri- 
mental effect on the ripening of cheese, as 
they are the major organisms responsible 
for the so-called late swelling’ of cheese, a 
condition that affects cheeses with long mat- 
uration times - such as Pecorino, Romano 
and Fiore Sardo - and which is caused by 
the massive amounts of gas produced by the 
Clostridia (Deiana et al., 1993). 

8.4 Toxic Substances in Milk 

Ovine milk may become contaminated by 
toxins such as pesticides, or by toxic 
metabolites of fungal origin (mycotoxins). 


8.4.1 Pesticides 

The generic name of pesticides includes a 
large number of chemicals used in the pro- 
duction, transport and storage of fodder. 
These compounds represent a danger not 
only because of their immediate toxicity, but 
also because they can be consumed by ani- 
mals that produce milk, meat, etc. 

Milk and dairy products are a major 
source of pesticide ingestion for humans 
(Deiana, 1991). The chemical and physical 
characteristics of the various compounds 
affect their distribution within the milk com- 
ponents: organochlorines are preferentially 
associated with the lipid fraction (Oliveri et 
al., 1988), while organophosphates are 
normally associated with the proteins 
(Deiana, 1991). The presence of 
organochlorines in milk may be a direct con- 
sequence of the consumption of rations that 
have been contaminated, because the feed- 
stuffs that were used to make them had pre- 
viously been treated with pesticides. Their 
presence, however, has also been associ- 
ated with sheep grazing in pastures adjacent 
to areas of intensive cropping where pesti- 
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cides had been used extensively. The appli- 
cation of pesticides to extensive areas may 
have conveyed the pesticides or their 
metabolites either through wind drift on to 
the pasture, or by pollution of the ground- 
water sources used to provide water for the 
stock (Oliveri et al., 1988). 


8.4.2 Mycotoxins 

Mycotoxins are secondary metabolites pro- 
duced by several species of fungi, which can 
contaminate livestock feedstuffs at all stages 
of their productive cycle (cropping, harvest, 
transport and storage) (D'Mello and 
MacDonald, 1997). The mycotoxins most 
commonly found in livestock feedstuffs and 
which have been recorded in milk are: 

• Ochratoxins. 

• Deoxinivalenol (DON). 

• Aflatoxins (AF). 


Ochratoxins 

These are produced mainly by the toxige- 
nous species of Aspergillus ochraeceus, 
Penicillium uiridicatum and Penicillium 
uerrucosum, which are ubiquitous species 
known to cause moulding of grains and 
feedstuffs. Among the ochratoxins, type A is 
the most important because of both its 
hepatotoxicity and its nephrotoxicity; it is 
also teratogenic and carcinogenic (Kuiper- 
Goodman and Scott, 1989; Marquardt et 
al., 1990). 

These mycotoxins are generally not 
very toxic to ruminants because they are 
partially inactivated by the ruminal and cae- 
cal microorganisms (Kiessling et al., 1984; 
Sreemannarayana et al., 1988; Galtier, 
1991). However in sheep this faculty for 
detoxification of mycotoxins is less well 
developed than in other ruminants (Xiao et 
al., 1991; Hohler et al., 1999). This is 
probably due to the faster rate of passage of 
food through the digestive tract. In dairy cat- 
tle, the transfer of ochratoxin A from the 
rations to the milk has been documented 
only recently (Skaug, 1999). 


Deoxinivalenol (DON) 

This is produced by fungi of the genus 
Fusarium - the causative agent of fusariosis 
in cereals. Contamination affects mainly the 
grains from wheat, barley and maize, as well 
as maize silage. Once again, ruminants 
seem to be particularly tolerant of these tox- 
ins, given the detoxifying action of the rumi- 
nal and intestinal microflora. However, the 
presence of DON was recorded in ovine 
milk, albeit in very low concentrations 
(Prelusky et al., 1987). 


Aflatoxins (AF) 

These are produced by fungi of the genus 
Aspergillus. These compounds are the 
most dangerous to human health because of 
their cytotoxic, teratogenic and mutagenic 
properties. For this reason, we will describe 
in detail their passage from feedstuffs to 
ovine milk. The feedstuffs most at risk of 
contamination are maize, oilseed, ground- 
nuts and products derived from them 
(Bottalico, 1999). 

The International Agency for Research 
on Cancer (IARC) has now included afla- 
toxin B1 (AF-B1) and aflatoxin Ml (AF-M1) 
in the class of substances that are definitely 
carcinogenic for humans (Category 1). Even 
though AF-M1 can be synthesized by the 
fungal mycelium, it usually derives from the 
hydroxylation of AF-B1 that occurs in the 
liver of animals that have ingested AF-B1. 
AF-B1 can also be metabolized by other tis- 
sues, and this is particularly true for sheep, 
which have a very efficient faculty for trans- 
forming AF-B1 into AF-M1 in the nasal, 
olfactory and respiratory mucosae (Larsson 
et al, 1994). 

In contrast to the previously described 
mycotoxins, ruminants can detoxify only 
part of the aflatoxins ingested with feed in 
their digestive tract, and this is performed 
mainly by the protozoa living in the rumen 
(Kiessling et al., 1984). Absorption of afla- 
toxins starts in the rumen and continues in 
the small intestine; the toxins are then trans- 
ported to the liver, and its metabolites are 
absorbed by the blood, then excreted in the 
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urine, bile and milk (Trucksess et ai, 1983). 
When sheep consume AF-B1 these appear in 
the milk within 6 h (Nabney et ai, 1967; 
Battacone et al . , 2000). Excretion of the tox- 
ins is affected by: (i) its rate of absorption; (ii) 
the gradual release of AF-B1 from the tissues 
into the bloodstream; (iii) the reabsorption in 
the small intestine via the bile (Trucksess et 
ai, 1983); (iv) the conversion rate in the liver 
of AF-B1 to AF-M1; and (v) the efficiency of 
toxin excretion in the urine and faeces 
(Veldman et ai, 1992). An important impli- 
cation for human health is the quantification 
of the carry-over, i.e. the amount of toxin 
translocated into the milk in relation to the 
amount ingested by the animal. 

In an experiment carried out in dairy 
ewes (Battacone, 2000) that had received 
different daily doses of AF-B1 (32, 64 and 
128 mg), the concentration of AF-M1 in 
milk was related to dose level ingestion and 
reached a maximum by day 4. It then 
decreased, reaching a steady-state condi- 
tion. After the ingestion of toxin had 
stopped, the time at which AF-M1 was no 
longer detectable in milk (3 days) was not 
related to the dietary AF-B1 level. At steady- 
state condition, the relationship between 
AF-M1 concentration in milk (mg/1) and AF- 
B1 intake (mg/head/day) can be expressed 
by the equation: 

AF-M1 = 0.00136 AF-B1 - 0.0043 
R 2 = 0.77. 

These results, compared to studies in 
dairy cattle, demonstrate that sheep have a 
lower rate of translocation of toxins to the 
milk (Munksgaard et ai, 1987; Veldman et 
ai, 1992). 


8.5 Cheese Processing 

The suitability of milk for cheese-making 
and the quality of dairy products are affected 
by a number of different characteristics of 
the milk (Bencini and Pulina, 1997). 
Amongst these are: 

• Its chemical composition, e.g. the con- 
centrations of fat and protein. 


• The presence of flavours that may be 
essential for the production of typical 
dairy products (Rubino and Claps, 1999). 

• The somatic and microbial cell counts. 

The processing performance of ovine milk is 
normally affected positively by its fat and 
protein content (Ucci, 1945; Casu and 
Marcialis, 1966; Storry et a!., 1983), and 
negatively by its high somatic and microbial 
cell counts (Duranti and Casoli, 1991; 
Casoli et ai, 1992; Manfredini et ai, 
1992; Bufano et ai, 1994; Serra et ai, 
1995). 

The composition and the processing 
performance (and hence the quality), there- 
fore, of ovine milk results mainly from 
dietary effects on lactation. Particular atten- 
tion has been paid to the use of silage in 
ovine nutrition, because in bovine milk its 
use has been associated with cheese defects 
caused by Clostridia. However, studies on 
the use of silage for replacing pasture and 
hay in dairy sheep nutrition have yielded 
contradictory results. Some authors 
(Manfredini et ai, 1987; Bertoni and 
Bernabucci, 1990; Scintu et al., 1990; 
Cavani et al., 1991) reported no effects of 
silage on cheese-making properties while 
others reported an improvement in ovine 
milk-clotting properties (Muscio et ai, 
1983; Bianchi et ai, 1993; Leto et ai, 
2000). Moreover, silage had no influence 
on the chemical and microbiological charac- 
teristics of fresh and mature cheeses 
(Manfredini et ai, 1987; Leto et ai, 2000), 
or on the flavour and aroma of cheeses 
matured for 120 days (Manfredini et al., 
1987; Cavani et ai, 1991). Significantly, 
no negative effects have been reported. The 
evidence above demonstrates that silage 
obtained from good forages, appropriately 
cut and stored to avoid anomalous fermen- 
tations (Cannas, 1999), can be used to 
replace pasture and hay for dairy sheep, 
without affecting the quality of the milk for 
cheese-making. 

The use of non-structural carbo- 
hydrates (NSC = starch and sugars) - nor- 
mally associated with increased amounts of 
concentrates in the ration and the addition 
of protected fat - does not seem to affect 
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the clotting properties of ovine milk 
(Campus et al., 1990; Chiofalo et a/., 
1993, 1995). However, towards the end of 
lactation, increasing the energy content of 
the ration improves the processing perform- 
ance of the milk (Pulina et at., 1993; Serra 
etal, 1995). 

The type and physical characteristics of 
concentrates affect the processing perform- 
ance of ovine milk. Feeding rolled, rather 
than crushed, grains to dairy sheep increased 
milk production - and fat and protein con- 
centrations - and improved the clotting 
properties of the milk (Bianchi et al., 1994). 

Despite this, pasture seems to be the 
aspect of nutrition that influences the best 
cheese-making characteristics of the milk. 
Milk produced by animals grazed on pasture 
has better coagulation properties (Martini et 
al., 1999), greater yields of cheese (Muscio 
et al., 1983) and significantly lower somatic 
and microbial cell counts than the milk of 
sheep fed dry fodder (Scintu et al., 1990). 

The use of amino acids - cystine and 
methionine - is considered to be of limited 
value in the production of milk, whether in 
the form of specially rumen-protected for- 
mulations or as protein that avoids ruminal 
degradation (e.g. herring meal); they did not 
affect the clotting properties of ovine milk 
(Perna et al., 1994; Chiofalo et al., 1996; 
Martini et al., 1999), or result in increased 
consistency of the curd (Cavani et al., 
1991). For dairy sheep fed dried forage, the 
administration of vitamin E affected the 
coagulation properties of the milk positively, 
probably as a consequence of the improved 
condition of the mammary gland (Chiofalo 
et al., 1998). 

8.6 Practical Recommendations 

To improve the quality of ovine milk 
through nutrition, a dairy sheep farmer 
should consider how the ration is formu- 
lated, its distribution, of what feedstuffs it is 
composed and their quality. Unfortunately, 
some rations that could increase the fat con- 
tent of milk depress the protein content, and 
vice versa. Therefore, they should be used 


as part of a ‘nutritional strategy’ that should 
aim to increase positively and simultane- 
ously all the qualitative parameters of the 
milk. There are three major strategies that 
should be adopted for improving ovine milk 
quality, listed below. 

8.6.1 Increasing the production of fat and 
protein 

• Rations should have a balanced 
energy: protein ratio in terms of both 
quality and ruminal degradability, to opti- 
mize ruminal bacterial fermentation and 
to allow maximum production of milk 
and milk components. 

• Rations should have a minimum fibre 
level of 30-32% NDF. 

• Part of the fibre (at least one-third) should 
have adequate particle length (2-3 mm), 
to facilitate adequate levels of ingestion 
and optimal levels of ruminal pH for cel- 
lulose fermentation. 

• Feeding frequency throughout the day 
should be increased to avoid rapid varia- 
tions in ruminal pH when low fibre-high 
concentrate diets are used. 

• Excess protein should be avoided, partic- 
ularly if easily fermented in the rumen, to 
reduce urinary losses of nitrogen. 

• Milk urea concentration should be moni- 
tored as an indicator of protein intake. 

• The fatty acid composition of ovine milk 
fat can be modified by using rumen-pro- 
tected fats. 


8.6.2 Decreasing the somatic cell and bacte- 
rial counts 

• Avoid sudden ration changes, which may 
predispose the mammary gland to infec- 
tions. 

• Integrate dry feed with vitamins A and E 
to stimulate the natural immune 
responses of the mammary gland. 

• Harvest and preserve feedstuffs correctly 
to avoid contamination of milk by unde- 
sirable microorganisms such as 
Clostridia. 
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8.6.3 Minimizing the translocation of 
unwanted substances to the milk 

• Avoid the use of feedstuffs contaminated 
with natural (e.g. mycotoxins) or artificial 
(pesticides) contaminants. 


• Avoid the use of feedstuffs containing 
substances that can transfer off-flavours 
to milk. 

• Avoid the use of silage that has under- 
gone anomalous fermentation. 
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There are four phases involved in raising 
dairy lambs: (i) newborn care and the 
colostrum period; (ii) suckling; (iii) weaning; 
and (iv) raising until replacement. Obviously 
the techniques adopted depend on the man- 
agement system used on the farm (intensive 
and mainly housed, penned or kept indoors, 
or extensive with use of pasture). 

9.1 Newborn Care and the Colostrum 
Period 

The newborn lamb needs primary, or 
neonatal, care. In intensive systems the fol- 
lowing steps must be taken: (i) clean the 
mouth and/or nostrils of any amniotic fluid 
accumulated during the final fetal phase. 
This should be done by hand, with the lamb 
being held vertically in a head-down position 
if possible; (ii) dry the lamb with either dry 
clean straw or, better still, an absorbent 
cloth, to remove the amniotic fluid; (iii) pre- 
pare a bed in a separate pen protected from 
draughts and at a temperature of 20-22°C; 
(iv) provide colostrum either from the 
mother or from another ewe, or alterna- 
tively a milk replacer; (v) separate the new- 
born lamb from its mother within 48 h if it 
is to be fed a milk replacer, in order to pre- 
vent a bond developing between the lamb 
and its mother, and to reduce the possibility 
of the transmission of infectious diseases. 

It is of great importance to feed the 
lamb colostrum in the first hours of life, and 


this should continue for at least 18-36 h. 
Colostrum is the first secretion of the mam- 
mary gland and production normally starts 
before parturition, although occasionally 
also in the last week of pregnancy, and 
stops completely 4 or 5 days after lactation 
commences, since it is subsequently trans- 
formed into milk. It plays three roles in the 
feeding of the newborn lamb: as food, as a 
laxative and as a source of immunity against 
disease (Naitana et ai, 1992). It serves as 
feed due to its high content of nutrients; the 
quantities of these vary with the breed and 
the characteristics of the particular ewe. 
The average quantities are shown in Table 
9.1. 

Colostrum has a laxative function due 


Table 9.1 . Analysis of the average chemical composi- 
tion of colostrum in Massese sheep (Casoli etal., 1987). 



Time from parturition (h) 

1 

12 

24 

Dry matter (%) 

29.6 

25.3 

22.6 

Fat (%) 

10.5 

9.2 

8.8 

TN (%) 

15.9 

12.3 

9.4 

Casein (%) 

6.0 

5.4 

5.2 

Seroproteins (%] 

i 9.5 

6.4 

3.7 

Lactose (%) 

2.8 

3.7 

4.3 

Ash (%) 

1.4 

0.9 

0.9 

pH 

6.37 

6.42 

6.50 

Density 

1.056 

1.046 

1.042 


TN, total nitrogen (/V x 6.38). 
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to the presence of certain minerals (espe- 
cially magnesium) that free the intestines of 
the newborn lamb from the meconium, 
which has accumulated there in the form of 
faeces and catabolic substances during the 
period inside the uterus. 

Immunization is the most important 
function of colostrum. This occurs due to 
the presence of specific immunoglobulins (y- 
globulins) in the maternal colostrum; these 
are absorbed directly by the intestine during 
the first hours of life, without being digested 
at gastric level. The absorption rate is 
extremely rapid in young animals during the 
first 6 h of life, and then progressively 
diminishes until it ceases altogether after 
36-48 h. This is because globulin, like all 
the other proteins, is digested at gastric level 
after the first 2 days. Colostrum is indispen- 
sable in the first 2 days of the lamb’s life 
because in the ovine, unlike in other 
species, the placenta is impermeable to 
maternal antibodies. Thus passive immunity 
cannot be acquired in the uterus and must 
be transmitted via the colostrum, preferably 
that of the mother, until the young lamb 
develops active immunity. 

The immunoglobulin concentrations in 
the colostrum are highest in the 2 days after 
birth in pluriparous ewes and in ewes that 
have been dry for at least 2 months. The 
y-globulin is absorbed in the form of protein 
macromolecules directly via the intestine 
because few proteolytic enzymes, and little 
hydrochloric acid, are produced in the abo- 
masum, and the intestinal mucosa is 
extremely permeable in the early days of life 
and, above all, in the first hours after birth. 

Colostrum is given ad libitum five or 
six times a day if the lamb is fed on mater- 
nal milk during the whole suckling period. It 
is given three times a day from a feeding 
bottle if the mother’s milk is replaced by a 
milk replacer. In this case, the quantity of 
each feed is 4-5% of the BW of the animal 
(0.15-0.20 1/feed, or 0.5-0.6 1/day) (Eales 
and Small, 1986). 

Maternal colostrum may not be avail- 
able for some reason, such as the death of 
the ewe during birth or absence of or delay 
in milk secretion. In this case, it is best if 
colostrum from ewes from the same farm is 


given to the lamb. This must be taken 
immediately post-partum from animals with 
good production levels, and can be stored in 
frozen form for 1-2 months. This is the best 
alternative as the colostrum contains the 
specific antibodies for the most common 
infections on the farm. If this is not possible, 
artificial colostrum formulated from milk, 
egg yolk and antibiotics should be prepared 
and stored in a refrigerated form on the 
farm. Problems connected with the trans- 
mission of parasitic diseases in the milk (e.g. 
ascaridiasis) can be dealt with by a suitable 
treatment using either high or low tempera- 
tures. 

The transition from the lamb being fed 
on colostrum to being fed on either natural 
milk or a milk replacer (transition phase) is, 
in natural suckling, obviously a gradual 
process, but this should also be the case 
when the lambs are fed on milk substitutes. 
Only after 2-3 days should the lamb be 
suckled on milk alone. In the transition 
phase, the lambs are extremely susceptible 
to neonatal infections such as enterotox- 
aemia, septicaemia and colibacillosis, 
despite the passive immunity provided by 
the colostrum. Such infections must be 
quickly prevented by vaccinating the mother 
with vaccines and/or vaccinating the new- 
born lamb with specific vaccines and 
administering massive doses of vitamins A, 
D and E. 


9.2 Suckling 

Once the initial colostral phase is finished 
the newborn lamb must be suckled. This 
phase normally lasts 5 or 6 weeks. The 
lamb is fed exclusively, or almost exclu- 
sively, on milk. This milk can come from the 
mother or from other ewes, or may be a 
milk replacer. The newborn lamb cannot 
digest other types of feed at this stage of its 
life. Indeed, until the lamb is completely 
weaned, its feeding behaviour is very similar 
to that of monogastric animals. Only the 
abomasum is functioning; the volume of the 
abomasum is 70% of the total gastric appa- 
ratus, with the rumen-recticulum complex 
and the omasum comprising the other 
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30%. The milk enters the abomasum 
directly through the closure mechanism of 
the reticular groove, which connects the 
oesophagus directly with the abomasum, 
bypassing the forestomachs. The lamb is no 
different from other young mammals in the 
way in which it digests milk at a gastric and 
intestinal level. 

Casein is the principal protein in the 
diet and makes up 82-83% of true protein 
and 75-78% of TN. It is immediately coag- 
ulated in the abomasum and first digested by 
the rennin or chymosin. These are casein- 
specific proteases which can also react 
when the pH is very acidic during the first 
weeks of the lamb’s life. Then - and this is 
of secondary importance - it is broken 
down by pepsin, which is a non-specific 
protein that reacts only when the pH is very 
low, and after the first few weeks of the 
lamb’s life. The seroproteins albumin and 
globulin, by contrast, are not broken down 
by the chymosin and pepsin, and thus pass 
unaltered to the intestine, where they are 
broken down by pancreatic trypsin. 

Lactose (glucose + galactose) makes up 
almost all of the carbohydrate content in the 
milk, and of the starch and fructose in milk 
replacers; it is almost completely digested 
by the intestinal lactase in the duodenum. 
The starch and fructose are also digested in 
the intestine, the former by pancreatic amy- 
lase and the latter by intestinal saccharase 
(sheep do not produce salivary amylase), but 
only after the animal reaches a certain age 
(1-2 months), and then only to a limited 
extent. 

Lipids are first broken down partially by 
lipase in the abomasum, which principally 
reacts with the short-chain fatty acids 
(SCFA). Digestion of fats is completed in 
the intestine by pancreatic lipases, whose 
activity is assisted by the emulsifying effect 
of the bile. 

Minerals and vitamins are absorbed 
only in the intestine. 

If a milk replacer is used, then it must 
contain mainly casein, at least during the 
first 10 days of the lamb’s life. Other pro- 
teins are much less digestible, especially if 
they are of vegetable origin. The milk 
replacer may, however, contain starch, as 


long as this does not make up more than 
10% of the DM of the diet. If it does, it may 
cause intestinal disorders, which can pro- 
voke serious, and sometimes even fatal, 
diarrhoea. 


9.2.1 Natural suckling 

In the natural suckling system the lambs 
suckle the mother’s milk directly during the 
ewe’s early lactation period; this system is 
normally used on low-production/low-tech- 
nology farms. Lambs suckle the mother’s 
milk directly throughout their whole suck- 
ling period, either following the ewe to pas- 
ture for the whole day or spending the night 
with the mother if they are separated during 
the day. The suckling phase uses only the 
ewe’s milk in the early part of her lactation 
period, as the lamb is then either slaugh- 
tered while still suckling or weaned once it 
reaches a suitable weight. The mother con- 
tinues to be milked until the lactation period 
is over. 

The growth rate of the lamb during this 
phase depends not only on its growth poten- 
tial but also, and indeed principally, on the 
quantity and quality (fat and protein content) 
of the maternal milk and its availability (the 
number of feeds per day). The conversion 
index (kg fat-protein-corrected milk (FPCM) 
per kg BW) ranges from 4.5 to 6.0 and 
increases during the suckling period. 


9.2.2 Artificial suckling 

Artificial suckling may use either natural 
milk or a milk replacer. In the former case, 
the milk is given two or three times a day. 
This is normal practice when the lamb is 
orphaned or the mother is unable for some 
reason to feed the lamb. In the latter case, 
a milk replacer is given to the lamb instead 
of the mother’s milk or milk from another 
ewe. This milk replacer must fulfil the 
lamb’s feeding requirements adequately. 
Before describing the feeding techniques 
employed when using a milk replacer, the 
physical, chemical and nutritional character- 
istics of such a replacer will be described. 
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Milk replacers 

Milk replacers are feeds that are capable of 
completely substituting for natural milk, 
whether from the mother or from another 
ewe, during the whole suckling period. 
Normally they are by-products of the dairy 
industry, with some components added that 
enable them to substitute for natural milk. 
They are some 40% cheaper than the milk 
sold for human consumption, making their 
use an economic proposition. 

Milk replacers come in the form of 
powdered milk. This must be highly soluble 
so that it dissolves completely in the water 
at the moment when it is used. Normally it 
consists of: 

• 60-75% skimmed powdered milk, a by- 
product of butter manufacture. 

• 5-10% milk whey, a by-product of 
cheese-making. 

• 15-25% (mainly animal) fats, usually by- 
products of meat processing. 

Different methods are used to dry the pow- 
dered milk and milk whey described above 
(Piccioni, 1989). Powdered skimmed milk 
can be obtained by drying or dehydration, 
using the roller method, where the rollers 
are heated to 100°C, or by the spray-dry 
method, where it is vaporized in a heated 
chamber. A much finer powder is obtained 
with the spray-dry method, because the 
chamber is pre-heated to 55-60°C, the 
heating period is shorter and the tempera- 
ture is controlled more precisely. Thus, it is 
more soluble, easier to coagulate and there- 
fore easier to digest, and has greater nutri- 
tional value. This is because the proteins in 
general, and the sulphide amino acids 
methionine and cysteine in particular, are 
less denatured. The lysine is also more sta- 
ble and the lactose is less caramelized. 

The quality of powdered skimmed milk 
is measured by its: 

• Available lysine content as a percentage 
of total lysine, which should not be < 
80% (2.4-3% of DM). 

• Casein content, which should not be less 
than 2.5-3% of DM. 


• Coagulation time. 

• Solubility. 

• Acidity. 

Because powdered skimmed milk is expen- 
sive it is, unfortunately, often partly 
replaced by alternative products (the so- 
called ‘milk without milk’). Their casein pro- 
tein content is, however, different from that 
of milk, and so they are less digestible. The 
source of the protein, which can be soybean 
meal, fishmeal, or milk whey, should be 
borne in mind when choosing a milk 
replacer. 

If soybean meal is to be used as the 
protein integrator for the milk replacer it 
must be dehydrated, have methionine 
added, and its anti-pepsin and haemaggluti- 
nants deactivated by either thermal toasting 
or chemical treatment. The remaining 
oligosaccharides are removed because these 
are less digestible than lactose and can 
cause intestinal disturbances (the resulting 
product is called protein concentrate of 
soy). Finally, the anti-pepsin and haemag- 
glutinants are treated first with alkaline solu- 
tions and then with acid solutions (resulting 
in soy proteinate). 

Fishmeal, in the form of both fish pro- 
tein concentrate and hydrolysed fish pro- 
tein, has a high sulphide amino acid 
content, but is low in other important amino 
acids. It is also expensive and generally 
smelly. 

Milk whey is a residue of coagulated 
bovine milk from cheese production. It is 
normally fed to pigs and adult cattle, but 
may be used to replace skimmed milk, 
although only partially; because its casein 
content is low (2 vs. 3%/l) and its lactose 
content is high (70 vs. 40% of DM), it 
should be used as de-lactosate whey, with 
the lactose removed (milk without milk) or 
as a whey protein concentrate. 

Fats have to be added to the milk 
replacer. They are necessary in order for 
the fat content of the powdered skimmed 
milk to reach 20-30% of DM. Obviously 
fats which are different from, but similar in 
composition to, those normally found in 
milk are used. They are cheap, have a low 
melting point, are easy to emulsify and 
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digest, and are also easy to conserve. The 
composition of the fats is similar to that of 
natural milk fats in as much as the fatty 
acids in the milk replacer consist of 20-30% 
SCFA (C4-C10), of 40-50% saturated 
LCFA (C14-C18) and of 30-40% unsatu- 
rated LCFA (C18:l-3). 

The cost is low because animal fat by- 
products from the meat industry (mainly 
bovine tallow) and/or vegetable fats, such as 
coconut, palm, or soybean oils, are used. 
The melting point is linked both to the 
length of the acid chains and to the level of 
unsaturation or, in other words, to the num- 
ber of double links. It must not be greater 
than the body temperature of the animal, 
which is 40°C. Emulsification is encouraged 
by the addition of emulsifying substances or 
surface-active agents. Soybean lecithin is 
excellent but expensive, while sugar glyc- 
erides are less expensive. Digestibility 
depends on: 

• The diameter of the fat globules, which 
should not be greater than 5 pm. 

• The structure (i.e. the chain length and 
non-saturated number) of the fatty acids. 

• The homogenization (the type of fatten- 
ing process). 

• The purity of the fat (refinement, aroma 
and transparency). 

• The age of the animals from which it 
came. 

Conservation depends on the absence of 
modification processes in the fats. One 
modification may be acidification due to 
hydrolysis of the triglycerides, even if this is 
only partial, which frees their fatty acids. 
Free acidity, which is conventionally 
expressed as oleic acid content, must not be 
> 5% of fatty acid content. Another type of 
modification is peroxidization, or oxidation 
of the double links of the unsaturated fats, 
due to humidity and high temperatures. 
This destroys vitamin E, whose value should 
not be > 3 meq of active 0 2 /kg of fat. 
Another modification is rancidity or poly- 
merization of the peroxides. This can 
greatly damage the animals’ health. It is 
measured via the barbituric acid content, 
and can be prevented by adding an antioxi- 


dant, such as vitamin E, vitamin C, Se, 
butylidrossitoluene or BHT in doses of 1%, 
or by hydrogenating the polyunsaturated 
fatty acids (Cl 8: 2-3) to monounsaturated 
(C18: 1). The latter are more stable but must 
be well emulsified, as their melting point is 
lower. 

There are three industrial systems for 
fat production: (i) the mechanical system, 
which produces replacers that are not very 
water-soluble, and which and uses high tem- 
peratures (50-60°C) to reconstitute the 
replacer; (ii) the pneumatic system, which 
creates rather fine particles, then uses 
reconstruction temperatures of 40-45°C, 
similar to body temperatures; and (iii) the 
spray system, which creates extremely fine 
particles at reconstruction temperatures of 
18-20°C, similar to the ambient tempera- 
ture. 

Lactose is the sugar which the suckling 
lamb utilizes most efficiently. It may come 
from replacer or skimmed milk, which con- 
tains 50% lactose, or from cheese whey, 
with 70% lactose. There are no limits to the 
amount of skimmed milk that can be given 
to the lamb, but cheese whey should not 
form more than 15% of traditional replacer 
or 50% of ‘milk without milk’. The quantity 
of lactic acid should never exceed 2%. It is 
difficult to replace lactose completely 
because glucose, while excellent, is too 
expensive, and starch, although cheap, is 
indigestible. The products of starch hydroly- 
sis can be used, but only gradually, and 
never as more than 50% of the diet and 
only with older lambs of 1-1.5 months. If 
these guidelines are not followed there may 
be intestinal problems such as constipation 
and/or diarrhoea. 

The integration of the replacer is com- 
pleted by the addition of fat-soluble vitamins 
in the following quantities: 

• A, in doses of 60,000-100,000 i.u./kg. 

• D, in doses of 5000-15,000 i.u./kg. 

• E, in doses of 10-20 mg/kg. 

Water-soluble vitamins (B 1 and B 2 ), miner- 
als (Mg, Co and Cu), amino acids (lysine and 
methionine) and small doses of slow-acting 
antibiotics (virginiamycin, flavomycin, bac- 
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itramycin, and spiramycin) should be added 
to prevent neonatal infections such as coli- 
bacillosis. 

The composition of the replacer for 
lambs must be such that when it is reconsti- 
tuted in water at a suitable concentration it 
is as similar as possible to natural milk. The 
milk powder is generally kept in 25 kg 
Cellophane sacks to prevent it from becom- 
ing humid. It is composed of 3-5% water 
and 95-97% DM, 20-30% of the latter 
being fat, 20-25% protein, 35-40% sugars 
and 8-10% minerals and vitamins. 


Feeding lambs with the replacer 

Lambs are given the replacer using various 
methods and techniques depending on 
whether they are destined for breeding or 
being fattened for slaughter. The principal 
parameters to bear in mind are: concentra- 
tion, quantity, feeding temperature and 
method of feeding. 

The concentration, dilution and quan- 
tity of the replacer are always expressed in 
terms of kg of replacer to be diluted in a 
particular volume (1) or weight (kg) of water. 
The concentration may be expressed differ- 
ently depending on whether the parameter 
for the water is 1 or kg: for example, 200 g 
of milk powder in 1 1 or 1 kg of water would 
be expressed as 20% (weight of 
powder/volume of water) or as about 17% 
(weight of powder/weight of water), respec- 
tively. We suggest that, to avoid confusion, 
concentration should always be expressed 
in terms of wt/vol., i.e. kg/1. 

The concentration depends on the ani- 
mal’s ultimate fate, but it should always sat- 
isfy its feeding requirements without 
exceeding its intake capacity. It is generally 
higher in animals which are to be fattened 
with milk (24%) and lower in animals which 
will be weaned (20%). This is the case irre- 
spective of the final purpose of the animals: 
raising for breeding, or fattening for slaugh- 
ter in the case of crossbreeds (Brandano 
and Rossi, 1971; Lanza and Galvano, 
1976). Lower concentrations will not satisfy 
the animal’s nutritional requirements and 
will have negative effects on its health and 


growth rate. Concentrations in excess of 
requirements may, by contrast, involve 
digestive problems and higher costs. 

The total daily quantity of feed depends 
on the productive aim of the operation and 
on the method of feeding. The lamb should 
be fed a daily ration of milk equivalent to 
12% BW. This requires 0.4-1. 2 1/day of 
reconstituted replacer or 0.08-0.24 kg/day 
of milk powder. For the whole period the 
quantity of reconstituted milk required will 
be 40-50 1 of reconstituted replacer, or 
8-10 kg of milk powder, over 1.5-2 
months (Brandano and Rossi, 1970; 
Brandano et al., 1970). 

The delivery temperature can be one of 
the following: 

• The refrigerated temperature of the 
reconstituted replacer (3-4°C). 

• The body temperature of the animal 
(36-38°C). 

• The ambient temperature (18-20°C). 

The first system requires a refrigeration 
plant capable of maintaining the reconsti- 
tuted replacer at 3-4°C, as fermentation 
begins above this temperature and bacteria 
develop which can cause serious internal 
problems for the lambs. It is not used very 
often, because of the high conversion ratio 
- with resultant high replacer costs - and 
because a refrigeration plant is necessary. 
The second system means that either the 
replacer must be prepared and distributed 
immediately with water at 42-43°C (Serra 
et al., 1988), or water heating, mixing and 
automatic distribution equipment must be 
available for the reconstituted replacer. It is, 
none the less, the best system physiologi- 
cally, even though it is expensive and 
requires adequate infrastructure. The third 
system is cheapest (Serra et al., 1988), as 
no particular equipment is necessary 
(indeed only a container and bucket are 
required). It is, however, the one which 
involves the greatest health risks, as fer- 
mentation and bacterial development can 
easily occur. Either it must be prepared and 
distributed immediately, or special replacers 
(acid milks) must be used which maintain 
their condition for at least 24-36 h. These 
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are not very appetizing and can only be 
used for lambs that will be weaned and not 
for those being fattened for immediate 
slaughter, as lambs fed with this milk grow 
more slowly and the meat produced is poor 
in taste and consistency. 

Feeding with the replacer can be: ad 
libitum or rationed, and continuous or 
interrupted. The distribution apparatus may 
consist of: 

• A collective cylindrical container 
equipped with teats from which the lambs 
can suckle at will. 

• Specifically designed individual pens. 

• An automatic self-feeder fitted with a 
hopper which contains the replacer. 

• An auger to deliver it to the mixing cups. 

• A boiler to heat the water. 

• A cup for mixing the replacer and water 
at the correct temperature and concen- 
tration. 

• A tube and teat system for supplying the 
replacer to the animals. 

9.3 Weaning 

Weaning is the transition period when the 
animals move on from a diet of milk to one 
of solid feed. This may be in the form of for- 
age such as grass, silage or hay, or of con- 
centrates. It may also be the moment when 
the lamb is separated from the ewe (as in 
the case of natural suckling) (Lanza and 
Galvano, 1976), but not necessarily. In arti- 
ficial suckling, the lamb is separated from 
the ewe at the end of the colostral phase, 
or, in other words, a few days after birth. 
Weaning may be gradual or abrupt. In the 
former case the transition phase from a 
milk-only diet to a solids-only diet of hay 
and concentrates, or of hay, concentrates 
and grass, can last 15-30 days (Rossi and 
Brandano, 1976). In the latter case, the 
adaptation period is reduced to a minimum 
or even eliminated. 

Whichever system is used, during 
weaning the animal’s growth rate slows 
down, and sometimes stops or is even 
reversed. As a result the animal’s BW 
remains static or even falls. To limit this 


negative effect of weaning the specific 
guidelines and techniques described below 
should be used. 

In a semi-extensive farming system with 
low levels of production, the lamb, during 
the suckling period, follows the ewe to pas- 
ture for the whole or part of the day. 
However, when it reaches a certain age (at 
most, 6-8 weeks), it is separated from the 
ewe and all her milk is milked. The lamb is 
weaned gradually as its intake of solid feed 
(almost exclusively grass) begins at a very 
early age (3-4 weeks). The suckling and 
weaning phases are normally slightly longer 
for female lambs destined for breeding. 

In an intensive, high-producing farming 
system, weaning is almost always gradual as 
concentrates, or concentrates and hay, are 
almost always given to the animals during 
the suckling phase. The correct moment for 
weaning depends on the age and BW which 
are appropriate for that particular breed. In 
practice the BW is a more important crite- 
rion than the age. The correct weight for 
weaning is normally considered to be at 
least 2.5 to 3 times that at birth (9-12 kg). 

During weaning the lamb changes, 
more or less gradually, from being mono- 
gastric, with only the true stomach (the abo- 
masum) functional, to being polygastric - a 
ruminant with all four stomachs (rumen, 
recticulum, omasum and abomasum) func- 
tional. This change should be as gradual as 
possible; it involves the progressive devel- 
opment of the forestomachs and a relative 
reduction in the size of the abomasum. 

The gastric apparatus is, on average, 
made up by volume as follows: in the first 
weeks of life the total volume is 0.3 1, with 
the abomasum forming 70-80% of this; the 
omasum comprises 15-20% and the 
rumen-reticular complex the remaining 
8-10%; after weaning the rumen recticulum 
forms 80% of the total volume, the omasum 
20%, and the abomasum only 10%. 

The gastric apparatus has a capacity of 
0.07-0.08 1/kg of BW in the newborn 
lamb, which increases to 0.2-0.25 1/kg of 
BW in the adult animal. Apart from this 
important increase in size, there is also an 
even more important change evident in 
the viscera: the relative development in 
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size of the forestomachs and abomasum 
reverses as the lamb grows and the diet 
changes. 

The development and functioning of 
the forestomachs principally depend on the 
feed used during weaning: this must be 
freely available to the animal and have high 
concentrations of energy (0.9-1 UFL/kg of 
DM), protein (20-22% intestinal digestible 
protein (PDI), of DM) and especially fibre 
(32—35% NDF of DM) in order to guarantee 
that the rumen will gradually begin to func- 
tion, and to prevent intestinal disturbances. 

Weaning varies according to the system 
of farming used. In the semi-extensive sys- 
tem, where natural suckling is used, it 
begins after 5 or 6 weeks. Until that age the 
lamb normally follows the ewe to pasture 
and takes all the milk. It continues for 2-3 
weeks, during which time the lamb accom- 
panies the ewe to pasture during the day but 
is separated from her at night, when the 
lamb is given hay and concentrates. It ends 
at the 8th week when the bodyweight is 
between 9 and 12 kg. In semi-intensive 
farming, where milk replacers are often 
used, weaning lasts about 2 weeks (the 5th 
and 6th). In this system either the milk 
replacer is gradually reduced and replaced 
by hay and concentrates (known as ‘gradual 
weaning’), or supply of milk replacer is 
abruptly stopped and solid food supplied in 
the 5th week (known as ‘brusque wean- 
ing’). Technically gradual weaning is 
preferable, and the transition from a milk- 
only diet to solids-only should take at least 1 
week. 

Only a few animals (2-3% of the males 
and 50% of the females) are selected for 
replacement. The difference in the number 
of males and females is due to the higher 
reproductive ratio of ewes with respect to 
rams (40:1-60:1). Those not chosen for 
replacement (97-98% of males and 50% of 
females) are slaughtered at 6 weeks as tra- 
ditional suckling lambs. A certain number of 
lambs are fattened for at least 100 days, but 
more often for 6-8 months, to produce 
heavy lambs. In some cases these lambs are 
a cross between meat breed rams and dairy 
breed ewes (Chiofalo, 1983; Priolo et al., 
1997). 


9.4 Fattening with Milk 

Very young animals can be fattened with 
milk. The milk is normally replacer, because 
it is cheaper, but may be natural. It is nearly 
always given ad libitum to maximize the 
lamb’s growth and to allow earlier slaughter. 

Replacer is normally used for fattening 
lambs, because milk from dairy sheep is 
more valuable for cheese-making. The lamb 
keeps its organoleptic and commercial char- 
acteristics but can reach much greater 
weights than traditionally suckled lambs. 

Basically, the lamb is fed ad libitum 
more (12-15% of BW/day rather than the 
normal 10-12%) of a replacer with a higher 
energy content (with a fat content of 
25-30% vs. 20%) and more protein (with a 
protein content of 24% vs. 20%) than that 
of the weaner replacer. The concentrations 
are also higher (24% vs. 20%). The result 
is that intake is greater (1.5% of BW vs. 
1%), as is the growth rate (200-300 g/day 
vs. 150-180 g/day) (Brandano and Rossi, 
1971; Lucifero et al., 1973; Lanza et al., 
1987, 1990). 

However, meat must have a particular 
colour and taste if it is to meet customer 
demands and be marketable. Thus, the 
replacer must not alter the fundamental 
characteristics of the meat. The meat must 
be lean, and rich in proteins and unsatu- 
rated and/or SCFA. It must be very 
digestible, light in colour due to the lack of 
iron, and suitable for all types of consumer 
and for many culinary purposes. 

Lambs fattened with milk are particu- 
larly susceptible to disease. This is because 
the diet is a type of force-feeding and also 
because lambs are kept in large numbers in 
confined spaces at very high stocking rates. 
Digestive diseases in particular are com- 
mon: 

• Meteorism (caused by anomalous ruminal 
fermentation from milk dripping from the 
reticular groove). 

• Constipation (often caused by excessive 
quantities of replacer). 

• Diarrhoea (caused by rapid changes in 
the quantity of replacer and exacerbated 
by sudden differences in temperature of 
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both the replacer and the surrounding 
environment). 

• Viral diarrhoea (BVD). 

• Enterotoxaemia and colibacillosis (both of 
which may be fatal). 

However, there are also respiratory diseases 
such as bronchopneumonia (Pasteurella 
spp.), which is provoked by temperature 
changes, and viral influenzas, such as infec- 
tious rhinotracheitis (IBR); other diseases 
seen are contagious ecthyma and 
coccidiosis (Martin, 1986). Suitable prophy- 
lactics must be used promptly in the event 
of an outbreak of one of these diseases 
and/or adequate treatment given, if the 
farm is not to suffer economic damage, 
which may occasionally be very serious. 

Fattening begins at 1-2 days after birth, 
and continues for 6-8 weeks until the 
female lambs weigh 10-12 kg and the 
males 14-16 kg. 

The quantity of replacer necessary per 
head is on average 15-20 kg for 2-month- 
old lambs weighing 15 kg, with a replacer 
conversion ratio of 1.8 (Brandano and 
Rossi, 1971). 

9.5 Replacement Ewes and Rams 

Feeding young lambs is of great importance 
on farms which raise their own male and/or 
female animals to provide replacements for 
their flocks. The rate of replacement is the 
percentage of animals which must be raised 
in order to replace those culled because 
they were at the end of their productive life, 
diseased or for various other reasons. The 
replacement rate may be calculated for the 
whole flock, or only for adult animals. For 
example, in a flock of 125 sheep consisting 
of 100 adult and 25 young sheep, the 
annual replacement rate is 20% (25/125) 
of the whole flock or 25% (25/100) of adult 
females. The second method is normally 
used, as it is more correct. 

The replacement rate varies from breed 
to breed and the type of farming system 
employed. Basically, it is inversely related to 
the average number of births in a productive 
lifespan. This can be seen by studying the 


relationship between the length of the pro- 
ductive career and the intervals between 
lambings. The length of the productive 
career is given by subtracting the age at first 
lambing from the age at last lactation. The 
lambing interval is the average time 
between each lambing. For example, if the 
productive career ends at 6 years of age, 
the first lambing is at 2 and the average 
interval between births is 1 year, the annual 
replacement rate is 25% ((6— 2)/l = 4.0; 
V4=25%)). In this hypothesis, this is the 
obligatory replacement rate, i.e. the number 
of animals which must be raised each year if 
the number of animals in the flock is to 
remain constant. To maintain flock num- 
bers, the farmer cannot let numbers drop 
below this rate, but may exceed it if so 
desired, if the intention is to increase stock- 
ing rates for any technical or economic rea- 
son. This is termed the facultative 
replacement rate. The animals which have 
not yet given birth make up the young, or 
unproductive, part of the flock; the animals 
from first lambing to culling make up the 
adult, or productive, part of the flock. 
Obviously, the male replacement rate is 
much lower than the female, both because 
of the different reproductive ratio between 
the sexes (1:40 or 1:60 in the case of natu- 
ral insemination) and because the respective 
lengths of their reproductive careers are dif- 
ferent, with that of the ewes being longer. 

Replacement techniques are very 
important for the successive productive 
and/or reproductive phases of the flock, as 
the success or failure of the farm depends 
on the length of the unproductive life. 
Accurate replacement feeding must guaran- 
tee that the animals are well developed, fer- 
tile, have a long lifespan, and are productive 
and healthy. 

The most important aspects to bear in 
mind are diet, reproduction and the farming 
method employed. 

The diet should contain sufficient fibre 
(30-32% of NDF). This is because develop- 
ment of the digestive system, and in partic- 
ular the rumen and the cellulosolytic flora, 
which is essential if it is to function cor- 
rectly, is closely linked to the concentration 
of fibre in the diet. The diet should contain 
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enough energy (0.7-0. 8 UFL/kg of DM). 
Lack of energy in the diet, which is often 
linked to excess fibre, may reduce the 
growth rate and balanced development of 
the maiden ewe. As a result, the first heat 
may be delayed, and consequently the first 
birth. In addition the body may be underde- 
veloped and the animal thus underweight. 
Excess energy in the diet, which is often the 
result of excessive use of concentrates, may 
result in the animal being too fat. This can 
harm the animal and have adverse effects 
on its reproductive life and on ovarian func- 
tion, with excessive deposits of fat and diffi- 
culties at lambing time. The diet should also 
contain the right quantity of protein 
(18-20% CP of DM). Lack of protein 
reduces the growth rate. Young animals 
need more protein in the supplement if the 
forage consumed is of poor quality, but a 
reduced amount of concentrate. 

In practice, the lambs should be divided 
into three groups, ideally homogeneous in 
BW and age, from weaning to first parturi- 
tion: 

• From 1.5-2 months to 3-4 months, fed 
on hay and concentrates. 

• From 3-4 months to 10 months, fed on 
pasture grass and concentrates. 

• From 10 months to first parturition, fed 
on hay, pasture grass and concentrates. 

Concentrates should provide 60-65% of the 
total energy in the diet for the first group, 
45-50% for the second and 20-25% for the 
third. Silage should be given only to the sec- 
ond and third groups, and never in quantities 
greater than 0.5-0. 7 kg/head per day. Hay 
should be given to all the groups, as should 
pasture grass if possible, but above all to the 
third group, because it has a highly positive 
effect on its development. 

Reproductive efficiency is principally 
linked to first mating and thus to first partu- 
rition. Although the first oestrus occurs 
quite early - at 6-8 months - it is not advis- 
able to inseminate the animal before it has 
reached a certain age (10-12 months), or, 
better still, a certain BW (60-70% of that of 
a typical adult of the same breed), or a cer- 
tain stature. 


Very early parturition almost always 
results in: 

• Lower milk production in the first lacta- 
tion, which often does not improve in 
subsequent lactations. 

• Greater difficulties at parturition, with the 
placenta often remaining in the uterus. 

• Cessation of bodily development. 

Delayed parturition results in a lower num- 
ber of lambings in the reproductive life of 
the animal and a lower and more expensive 
replacement rate. 

Correct management of the replace- 
ment involves raising the animals at pasture, 
with shelter being used only in the extreme 
seasons of winter and summer, at night 
and/or on very hot days. This is because 
spontaneous mobility (functional gymnastics), 
and in particular grazing, is beneficial for all 
the animals, and above all those still growing. 
Particular attention should be paid to shelter, 
feed and space available to the animals dur- 
ing the last 4-6 weeks of pregnancy. 

Recent studies carried out on ewe 
lambs between weaning and puberty have 
shown the role that nutrition plays in the 
advance of puberty and in mammary gland 
development. This has notable economic 
importance because it correlates strongly 
with both unproductive life and milk pro- 
duction of the ewe lambs. Since puberty 
and the age at first mating are related to the 
attainment of sufficient body weight, which 
of course varies depending on the breed 
(Drymundsson, 1973; Martemucci et al., 
1980), we can accelerate these stages by 
adopting suitable feeding regimes during 
growth. Undernutrition during the pre- 
weaning period (up to the 15th week) 
(Rhind et al., 1988) results in lower prolifi- 
cacy, due probably to the lower ovulation 
rate and/or higher embryonic losses. In 
contrast, concentrate supplementation after 
weaning (300-500 g/day) given to ewe 
lambs fed on pasture reduces the age at first 
lambing by 1-2 months, and increases their 
fertility and prolificacy (Quirke, 1979; 
Secchiari et al., 1987; Kassem et al., 
1989; Forcada et al., 1991; Pace et al., 
2000 ). 
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Table 9.2. Effects of age and feeding level on mean blood concentrations of growth hormone and prolactin 
(Johnsson etal., 1985). 


Age (weeks) 


Flormone 

Feeding level 

10 

14 

18 

Growth hormone (pg/l) 

High 

1.93 

1.30 

1.20 


Low 

3.67 

1.63 

1.50 

Prolactin (pg/l) 

High 

137.0 

223.6 

273.1 


Low 

85.6 

102.5 

108.9 


In Mediterranean dairy sheep breeding 
systems, the first mating is possible at 6-7 
months of age (i.e. in June) if oestrus syn- 
chronization treatments are used. These 
should reduce the negative effects of the 
long photoperiod which is typical of this 
season. Cannas and Rassu (unpublished) 
synchronized 6-month-old Sarda ewe lambs 
of BW 35 kg (70% of mature bodyweight) 
and obtained the first lambing at 12 months 
of age in 52% of cases. 

Even if high-level feeding regimes dur- 
ing the pre-pubertal period are capable of 
advancing puberty because the animals 
grow more quickly, they have a negative 
effect on mammary gland development, 
and consequently on milk production during 
first lactation. Anderson (1975) studied 
mammary gland development in sheep by 
analysing the DNA content of the dried fat- 
free tissue, and observed that the growth 


rate was average (20%) from 3-5 months 
after birth, high (78%) during pregnancy, 
particularly in the final stage, and low (2%) 
during the first days of lactation. Johnsson 
and Hart (1985) observed that from 4 to 20 
weeks after birth the parenchymal mam- 
mary growth rate is 2. 4-3. 7 times higher 
than the bodyweight growth rate, particu- 
larly in female lambs with average (100 
g/day) rather than high (220 g/day) daily 
growth. This could be due to the positive 
effect of growth hormone on mammogene- 
sis. Between 10 and 18 weeks of age 
plasma concentration of growth hormone is 
higher and the prolactin plasma level is 
lower (Table 9.2) in ewe lambs growing at 
the rate of 110 g/day and fed on a low- 
energy/low-protein diet than in female 
lambs growing at 220 g/day and fed on a 
high-energy/high-protein diet (Johnsson et 
al, 1985). 


Table 9.3. Feeding regime, growth rate and milk production in Sarda ewe lambs. 


Parameters 


LCP 

MCP 

HCP 

Food 

Crude protein 

(% kg DM) 

15.16 

16.58 

17.96 

ME 

(Mcal/kg DM) 

2.55 

2.56 

2.50 

CP/ME 

(g/Mcal) 

59.3 

64.8 

71.7 

Intake 3 

(% BW) 

5.67 

5.50 

5.55 

Growth 
4th month 

(g/day) 

157 

180 

163 

5th month 


110 

123 

158 

6th month 


46 

37 

57 

Average 


104 

113 

126 

Milk production 11 


1062° 

1099° 

922 d 


LCP, low crude protein content; MCP, medium crude protein content; HCP, high crude protein content; DM, dry mat- 
ter; BW, bodyweight. 

a Average 4th, 5th and 6th months ot age; b average first 2 months of lactation. ^Significant difference between 
means at P< 0.05. 
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This has significant effects on the milk 
production of ewe lambs at first lactation. 
Umberger et al. (1985) studying Suffolk 
and Dorset cross ewe lambs, and Ayadi et 
al. (2003), studying Manchega ewe lambs, 
found that milk production was higher in 
female lambs with lower daily growth 
between weaning and puberty. Cannas and 
Rassu (unpublished) produced similar results 
when studying Sarda ewe lambs fed on 


isoenergetic diets with varying protein con- 
tent (Table 9.3). 

On the basis of results of previous stud- 
ies carried out both on ewes and on dairy 
heifers on the interaction between growth 
and mammary gland development, Tolman 
and McKusic (2001) suggest that the opti- 
mal growth rate during pre-puberty should 
be between 65 and 75% of the maximum 
growth rate for the breed. 
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10.1 Introduction 

The way animals are fed in general, and the 
individual nutritional content of each ration, 
may affect both the digestive and metabolic 
processes, and as a result may harm the ani- 
mal’s health and its productive capacity. 
Changes in animal feeding often lead to dis- 
orders of the digestive system, which in turn 
influence the absorption of individual nutri- 
ents and often trigger, or predispose the 
animal to attack from, various other dis- 
eases. Alterations in the absorption of nutri- 
ents are evidenced by breakdown in internal 
homeostasis, whereby one or more critically 
important metabolic processes are modified. 
There are several examples of this, espe- 
cially in sheep: e.g. hypocalcaemia, grass 
tetany and pregnancy toxaemia, which, 
although very different, are all the result of 
metabolic disturbance. 

In the first of these, calcium (Ca) metab- 
olism is altered, while in the case of grass 
tetany, magnesium (Mg) metabolism is modi- 
fied, and in pregnancy toxaemia the affected 
metabolism is that of energy, and in particu- 
lar of glucose. In ruminants, where the pla- 
centa is almost totally maternal- 
immunoglobulin-impermeable, even the lack 
of colostrum may constitute a case of nutri- 
tional disease. In fact, colostrum is not only 
the prime source of antibodies guaranteeing 
passive, circulating and local immunity 
against the most common infections, but also 
constitutes an important source of minerals 


and vitamins that normally exist in lower con- 
centrations in milk (Andrews, 1990). 

Before dealing with individual digestive 
and metabolic disturbances, we will make a 
number of points about how the livestock 
farmer, and more importantly the veterinary 
surgeon, should approach such problems. 
Firstly, in the case of sheep farming they 
should consider the flock as a whole, rather 
than dwelling on isolated cases, since the lat- 
ter need to be perceived as a warning signal 
that may indicate that the entire flock is in the 
same situation, and could therefore be at risk 
from a given disease. This is why the detec- 
tion of change is extremely important, as it 
enables precautionary measures to be taken 
with regard to the rest of the flock. In sheep 
farming large-scale therapeutic treatment is in 
fact not only extremely expensive but often 
impractical, and in the case of nutritional and 
metabolic diseases also frequently ineffective 
once the symptoms have appeared. 

Finally, nutritional and metabolic imbal- 
ances often arise without any typical symp- 
toms, but accompanied by a series of 
disturbances common to other diseases. 
There is a correlation here between states of 
deficiency and infectious and parasitic dis- 
eases. In fact, feeding represents one of the 
factors that leads to so-called ‘conditioned 
diseases’. One example of the latter is 
clostridial infection, for which nutritional 
imbalance constitutes an important pre-con- 
dition. There are well-known links between 
an animal’s nutritional status and its immune 
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response to certain diseases caused by path- 
ogenic agents, such as the relationship 
between the incidence of mastitis and the 
state of certain micronutrients, or that 
between parasitism and the protein content 
of the ration (Morgante and Ranucci, 1997). 
In the light of this, it is clear that constant 
surveillance of the flock is of considerable 
importance in establishing the degree of risk 
to which animals are exposed with regard to 
metabolic and nutritional imbalances. The 
present chapter focuses on the methods 
used to identify any nutritional imbalances 
or deficiencies, in order to be able to take 
corrective and preventative measures 
designed to improve the health of the live- 
stock. 


1 0.2 Disturbances of the Digestive 
System 

10.2.1 General features 

Disturbances of the digestive system are 
often the result of dietary errors resulting 
from continual changes in the kind of feed 
given to the animals, or to nutritional deficits 
or excesses. Such imbalances are caused 
mainly by the need to utilize the pasture and 
conserved foods according to the changing 
seasons, and to supplement the animal’s 
feed with concentrated foods in relation to 
the productive cycle. They include problems 
such as bloat, ruminal acidosis and alkalosis, 
which in their more serious forms are char- 
acterized by clearly defined symptoms, or by 
lesser disturbances such as malfunction of 
the forestomach or of the intestinal tract, 
caused by alterations in ruminal fermentation 
or intestinal microflora, due to the presence 
of stimulating or inhibiting substances. 

Before looking into this matter further, 
certain physiological particulars of the 
sheep’s digestion, which differentiate it from 
that of cattle or other ruminants, will be 
described, since the total volume of the 
forestomach in relation to the animal’s 
weight is lower, whereas the efficiency of 
chewing appears to be higher, when com- 
pared with the equivalent features of larger 
ruminants (NRC, 1985; INRA, 1988). The 


average time taken for solids to pass 
through the ovine digestive system is about 
20 h, compared with 28 h in the bovine. In 
fact, while cattle appear better able to digest 
roughage, sheep are more capable of utiliz- 
ing starches, and they also possess a greater 
intake capacity (as % DM ingested in pro- 
portion to BW). The ratio of the time the 
food remains in the ovine forestomach as 
opposed to in the intestine is inverted in the 
bovine (40% in the forestomach and 60% in 
the intestine). Therefore, intestinal distur- 
bances of sheep could be more important 
than those in cattle, in that the forestomach, 
in certain conditions, fails to perform prop- 
erly as a filter. On the other hand, the oppo- 
site could also be true: i.e. in sheep, 
disturbances of the forestomach could be 
less important. 

Nevertheless, the fact remains that 
sheep, when compared with cattle, are less 
often affected by diseases of the forestom- 
ach, e.g. bloat, simple forms of indigestion, 
and serious forms of ruminal acidosis and 
alkalosis, whereas they are more often 
affected by enteric diseases caused by 
pathogens ( Clostridium ). It is not so much 
the full-blown, often fatal diseases that con- 
stitute the greatest threat to the productivity 
of the flock: the most insidious, dangerous 
disturbances are, on the contrary, those 
with no clearly defined symptoms, which 
thus prove difficult to diagnose, and as a 
result are the ones that underlie numerous 
other pathological conditions. Disturbances 
of the fermentative and digestive functions 
of the forestomach and intestine may lie at 
the root of poor utilization of nutritional 
components of the animal’s feed (energy, 
proteins, vitamins, micro- and macro-ele- 
ments), and of the production of toxic or 
inhibiting substances that may affect the 
functioning of other organs and systems 
(Bertoni, 1992). 

In terms of the flock’s productivity and 
profitability, mention ought to be made of a 
number of secondary diseases, e.g. mastitis, 
laminitis or those diseases which affect the 
fertility of the animal. However we still know 
very little about such diseases, especially 
those affecting sheep. As a result, in the 
majority of cases one can only hypothesize 


Table 10 . 1 . Disturbances of the digestive system in dairy sheep. 


Disturbance 

Causes 

Clinical signs 

Treatment and prevention 

Simple 

Sudden change-over to a carbohydrate-rich 

•Slight degree of anorexia 

•Avoid any sudden changes in feed 

indigestion 

diet that is poor in fibre and/or high 

•Grey-brown diarrhoea with 

and include adequate fibre in the diet 


concentrations of soluble proteins and 

the presence of undigested grains, 

•Grazing should be gradually increased 


non-protein nitrogen, which may interfere 

while in the case of animals that have 

•Use of ruminal buffers 


with ruminal fermentation and alter the 

been left to pasture, it is of a 



ruminal flora 

greenish-brown colour 


Acute ruminal 

Excessive consumption of easily fermentable 

•Ruminal stasis and distension 

•Ruminal wash out and transfaunation 

acidosis 

carbohydrates, which cause rapid 

•Anorexia 

•Correction of dehydration, electrolyte 


fermentation and production of lactic 

•Dehydration 

and acid-base imbalance 


acid, together with a considerable 

•Severe diarrhoea (light-coloured with 

•Avoid a sudden and large amount 


reduction in ruminal pH 

strong acid smell) 

of highly fermentable 



•Animals seem to be drunk or blind 
•Low ruminal fluid pH (< 5) 

carbohydrates 

Subacute ruminal 

The same causes as the acute form but less 

•Slight anorexia 

•Remove the offending food 

acidosis 

severe and more prolonged 

•Intermittent diarrhoea 

•Increase the fibre in the diet (by providing 



•Lameness 

high-quality hay) 



•Mastitis 

•Poor body condition 

•Use of ruminal buffers 

Primary tympany 

Grazing of pasture consisting of 

•Distension of ruminal wall 

•Oral administration of anti-frothing 


bloat-producing plants (lush 

•Restlessness 

substances (e.g. mineral oil) 


pasture of leguminous plants) 

•Dyspnoea 

•Hypersalivation 

•Tachycardia 


Intestinal disorders 

Dietary problems 

•Diarrhoea 

•Reduction of forestomach disorders 


Forestomach disorders 

•Soft faecal blocks 

•Use of intestinal buffers 


Intestinal fermentation 

•Undigested grain in the faeces 

(magnesium oxide) 

•Grazing should be gradually increased 
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about the existence of a correlation between 
food imbalances and the presence of certain 
pathological disturbances. 


10.2.2 Disturbances of the forestomach 

General features 

The rumen is host to a continuous system of 
bacterial culture whereby those microorgan- 
isms best adapted to a wide range of food 
types are selected. There are numerous sys- 
tems for controlling the rumen and its bac- 
terial population: some are associated with 
the animal itself, such as salivation, re-mix- 
ing, rumination and absorption and elimina- 
tion of substances, as well as voiding and 
eructation; others are linked to the charac- 
teristics of the feed given to the animal, such 
as the nutritional balance required by differ- 
ent forms of fermentation, the solubility of 
the nutrients, the size of food particles, the 
presence of inhibiting substances, the speed 
with which the rumen is filled, and finally, 
other characteristics linked to microorgan- 
isms, such as competition for nutrients 
among species, the removal of inhibitory 
waste products, and maintenance of redox 
potential (Flint, 1997; Santra et al., 1998). 

The only method we have of controlling 
ruminal fermentation is that of carefully 
choosing what and how we feed the animals 
in question. Forestomach disturbances can 
be basically subdivided into the following 
types, according to the nature (both physical 
and chemical) and quantity of the feed given 
to the animals: 

• Simple indigestion. 

• Acidic indigestion (ruminal acidosis). 

• Primary, or frothy, bloat (tympany). 


Simple Indigestion 

Carbohydrates and proteins are the most 
important factors affecting the development 
of fermentation. The most common cause of 
simple indigestion is a sudden transition to a 
carbohydrate-rich diet consisting of easily fer- 
mentable (concentrated) carbohydrates that 


have low fibre and/or high concentrations of 
soluble proteins and non-protein nitrogen 
(lush pasture), which together may interfere 
with fermentation and alter the ruminal flora. 
In the first case, where carbohydrates prevail, 
there is a prevalence of microbial species 
capable of rapid metabolism and which are 
tolerant of a rather low pH. This in certain sit- 
uations leads to a reduction in, or even the 
disappearance of, certain Protozoa. 

In the second case, where there is also 
a considerable quantity of soluble proteins 
or non-protein nitrogen, there may be a 
prevalence of microorganisms with high 
ureasic activity, with a resulting accumula- 
tion of ammonia (NH 3 ) in the rumen and the 
alkalizing of its contents (ruminal alkalosis), 
although such an event is fairly rare in 
sheep. Any NH 3 that escapes ruminal fer- 
mentation may enter the circulation and 
reach the liver, where it is transformed into 
urea, causing an increase in the level of the 
latter in the circulation - uraemia (> 0.6 
mg/ml). Simple indigestion is not accompa- 
nied by any pathological variation in ruminal 
pH (normally 5. 6-7.0). 

Fermentation of carbohydrates results 
in the production of volatile fatty acids 
(VFA): the latter, if produced in large quan- 
tities, together with lactic acid (which lowers 
pH), can be found in an undissociated form 
in the rumen, where they stimulate the sen- 
sorial receptors of the ruminal epithelium, 
which in turn reacts by inhibiting its con- 
tractility (Smith, 1996). In such cases, this 
mechanism ensures a reduction in fermen- 
tation and the recovery of the organ’s con- 
tractility within a few days. 

The above-mentioned types of feed 
reduce chewing activity, and thus salivation 
(reducing buffer potential in the rumen), and 
above all prevent the stratification of the 
feed, which as a result travels faster. 
Moreover, the accumulation of osmotically 
active substances, first in the rumen and 
then in the intestine, can attract water and 
thus cause osmotic diarrhoea. The only 
symptom, apart from a slight degree of 
anorexia, is diarrhoea, which, in the case 
of concentrated feed (grain), is of a grey- 
brown colour and contains undigested 
grains, while in the case of animals that 
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have been left at pasture, it is of a greenish- 
brown colour. 

The prevention of these disorders, 
which if left for any time may develop into 
more serious disturbances, with adverse 
effects on the function of other organs and 
systems, must involve avoidance of any sud- 
den changes in the type of feed; the diet 
must always contain adequate fibre - prefer- 
ably of the long variety - with forage making 
up no less than 20-40% of DM. The quan- 
tity of concentrate, which should be fed twice 
daily, will vary according to the productive 
period and to the condition of the pasture, 
and must be given in increasing quantities 
starting, for example, from the second stage 
of the pregnancy. The concentrate must also 
contain a certain quantity of ruminal buffers 
such as sodium bicarbonate. 

The optimal fermentation of carbo- 
hydrates also requires the presence of 
nitrogen, sulphur and essential micro- and 
macro-elements, while protein content 
also seems to play an essential part in fer- 
mentation within the rumen. Animals 
should be fed on suitable amounts of con- 
centrate (low soluble protein content but 
rich in glucogenetic substrates and fibre) 
immediately prior to grazing. Even in 
this case, however, the animals need to be 
provided with forage during the time they 
spend in the feeding areas, and the time 
they spend grazing should be gradually 
increased. 


Ruminal acidosis 

Ruminal acidosis is one of the most serious 
fermentative disorders, and is often fatal 
within 24 h. This condition has been called 
lactic acidosis, rumen carbohydrate over- 
load, acid indigestion, toxic indigestion, 
cereal overload and D-lactic acidosis. It may 
be sub-divided into three forms, depending 
on its severity and course: acute, sub-acute 
and chronic. 

acute ruminal acidosis. This results from the 
excessive consumption of easily fermentable 
carbohydrates, which cause rapid fermenta- 
tion and the production of lactic acid, 


together with a considerable reduction in 
ruminal pH. This happens when the animal 
eats an excessive quantity of food contain- 
ing a large quantity of starches or sugars in 
a short time, as the latter, in turn, may act 
as precursors of lactic acid if the animals 
have not been gradually introduced to this 
diet (cereals, green fodder silage, fruit and 
roots) beforehand. Certain characteristics of 
the food accelerate this phenomenon, e.g. a 
concurrent lack of structured fibre leads to 
reduced salivation, and thus to a reduction 
in the ingestion of salivary buffers. Some 
fodder silage may contain large quantities of 
carbohydrates and lactic acid. Wheat, barley 
and maize grains are considered highly toxic 
if ingested in large quantities, whereas oats 
and sorghum are less so. Cereals are more 
toxic if finely milled, crushed or broken up, 
as this exposes fermentable carbohydrates 
more directly to the action of the bacterial 
flora. 

In sheep breeding, this disease is often 
the result of accidental circumstances or of 
serious management errors, such as the 
releasing of animals into fields of stubble 
after harvesting, where there are going to be 
considerable amounts of cereal or flattened 
ears on the ground. 

An excess of carbohydrate encourages 
the growth of lactic-acid-producing bacteria, 
the level of which, if excessive, leads to a 
rise in the production of lactic acid and 
other products, which, in turn, increase the 
acidity of the rumen, killing off or inhibiting 
other microorganisms, thus causing 
forestomach dysfunction and metabolic 
changes in the animal. 

The degree of ruminal acidosis and the 
gravity of the symptoms vary considerably, 
depending on the quantity and type of feed, 
and the degree to which the ruminal flora 
had adapted. If the ingestion of carbohy- 
drates is excessive, the acidosis will increas- 
ingly worsen; continual production of lactate 
lowers the pH of ruminal fluid to 5-5.5, 
while ruminal osmolality rises. Both factors 
kill Protozoa in the rumen, together with 
other lactic-acid-using microorganisms, while 
lactobacilli constitute the largest group 
of lactic-acid-producing bacteria in the 
rumen. 
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These changes in ruminal fluid have 
numerous harmful effects on the animal. 
During the early stages of acid fermentation, 
large quantities of VFA are produced, and 
as these acids are weaker than lactic acid, 
they link up with hydrogen ions and act as 
buffers, with the result that they are more 
quickly absorbed. An excessive absorption 
of VFA leads to systemic acidosis. 
Moreover, a large quantity of non-disassoci- 
ated VFA in the mucus of the rumen walls 
leads to the inhibition of forestomach con- 
tractility, with ruminal stasis. 

The osmotic pressure of ruminal fluid 
increases in relation to the quantity of lactic 
acid: the normal osmolality of ruminal fluid 
is about 280 mOsm/1, but this may double 
in the case of acute acidosis. An increase in 
this osmolality draws water from the vascu- 
lar system, leading to an increase and dilu- 
tion of ruminal contents, with distension of 
the organ (hydrorumen) and a significant, 
clinically observable degree of dehydration. 

The loss of organic liquids causes a 
reduction in blood volume and a decrease in 
peripheral perfusion, which causes hypoxic 
metabolism: the latter aggravates the degree 
of systemic acidosis caused by the absorp- 
tion of lactic acid. Furthermore, the latter is 
highly corrosive, and when it reaches a cer- 
tain concentration in the rumen it may 
destroy the ruminal epithelium, causing so- 
called ‘toxic rumenitis’. This disease may be 
so serious as to persist in those animals 
which have recovered from acute acidosis, 
only for them to die subsequently from rumi- 
nal damage. Even if the rumen recovers, 
bacterial abscesses may release bacterial 
emboli, which can enter the circulation, 
leading to the formation of metastatic 
hepatic abscesses. 

Numerous other toxic factors in addi- 
tion to lactic acid are implicated in this con- 
dition. The altered metabolism of the 
ruminal flora may produce large quantities 
of histamine and other substances, which in 
turn may play a part in the pathogenesis of 
the disease. Histamine could be involved in 
the pathogenesis of aseptic laminitis, which 
occasionally accompanies ruminal acidosis 
(Smith, 1996). The destruction of Gram- 
negative ruminal bacteria has been thought 


to be the cause of the freeing and reabsorp- 
tion of a considerable quantity of endotoxins 
through the damaged mucous membrane. 
These endotoxins could be implicated in the 
majority of the symptoms, such as ruminal 
stasis, poor tissue perfusion, heart failure, 
weakness and depression. The absorption 
of toxins may be facilitated by hepatic dys- 
function (e.g. subsequent to concomitant 
parasitism), or to a damaged ruminal 
mucous membrane. 

A number of sheep may be affected at 
the same time in diseased flocks, depending 
on the nature of the diet and the way they 
are fed. The most highly susceptible animals 
appear to be lactating ewes, while heavily 
pregnant ewes and ewe-lambs (perhaps due 
to their reduced ingestion capacity) seem to 
be less susceptible. The rate of mortality 
may be as high as 90% in untreated cases, 
and even 30-50% in those treated. 

In the acute form, the first symptom is 
distension of the rumen and painful abdom- 
inal spasms accompanied by total anorexia; 
ruminal contractions decrease and the ani- 
mal stops ruminating. Certain sheep seem 
to be drunk or partially blind; heart rate is 
generally high, and the majority of animals 
suffer from profuse diarrhoea; their faeces 
are light-coloured and have a strong acidic 
smell. If they have eaten excessive amounts 
of whole grain, these faeces may contain 
undigested grains. They gradually exhibit 
signs of dehydration, and in cases where 
there has been impairment of renal func- 
tion, anuria is also evident. After 24-48 h, 
the animal will be forced to assume a 
recumbent posture: this may also be a result 
of the onset of acute laminitis. 

Laboratory tests may be of considerable 
help in the diagnosis of this condition: the 
haemoconcentration indicates the extent of 
dehydration; in serious cases, the haemat- 
ocrit may reach 50%; lactate levels may 
confirm lactic acidosis, and the urine will be 
acidic and concentrated. From a practical 
point of view, however, the simplest way to 
obtain diagnostic confirmation is to measure 
the pH of the ruminal fluid, a sample of 
which may be taken either using an 
oesophageal probe or by directly puncturing 
the rumen (rumenocentesis). It must be 
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measured immediately, since pH is raised by 
exposure to air. A pH of < 5 is a sign of 
acute ruminal acidosis. Immediate micro- 
scopic examination of a few drops of fluid 
will show whether Protozoa are present or 
not (Patra et al, 1996). The animal usually 
dies within 48 h, but those few which sur- 
vive usually die shortly afterwards, from 
rumenitis and infection, while pregnant 
ewes may abort. 

The main problem with treatment is 
that of the number of animals affected at the 
same time. Treatment of acute ruminal aci- 
dosis is based upon the following: 

• Correction of both the ruminal and sys- 
temic acidoses. 

• Prevention of production of further lactic 
acid. 

• Replacement of electrolytic fluid losses 
and maintenance of blood volume. 

• Restoration of forestomach and intestinal 
functions. 

During the initial phase and in less serious 
cases, the food responsible for the problem 
must be removed and the animal fed high- 
quality hay instead. The more serious cases 
require special forms of treatment. The best 
measure to adopt, especially if a consider- 
able number of animals are affected, is to 
introduce water into the rumen by 
oesophageal intubation, in order to wash 
it out and completely empty it. When 
this operation has been completed, fresh 
ruminal liquid taken from healthy sheep 
may then be introduced into the rumen. 
Intravenous solutions should be ad- 
ministered in the case of systemic meta- 
bolic acidosis and electrolytic imbalances. 
Buffer substances, such as magnesium 
oxide, may also be administered via in- 
tubation. 

Prevention is based upon the dietary 
management of the flock - designed to pre- 
vent circumstances that may trigger the 
onset of the disease. When the animals are 
to be fed a cereal-rich diet, this must be 
introduced gradually, as they are first led out 
to pasture after a period indoors. They must 
always be fed hay, even at the beginning of 
this transitional period: the hay should be 


fed before the concentrate, and should 
always be available to the sheep. Buffers 
may be introduced into the feed, particularly 
when the latter is given as unifeed. These 
substances stabilize the pH, which results in 
the reduced growth of acid-producing 
microorganisms. Buffers generally include 
sodium bicarbonate, sodium bentonite, 
magnesium oxide and calcium/magnesium 
carbonate. 

SUBACUTE AND CHRONIC RUMINAL ACIDOSIS. As 

in acute ruminal acidosis, these problems 
are caused by a carbohydrate-rich diet 
low in structured fibres, or may also arise 
when badly prepared unifeed is fed to the 
animals. In such cases, the problem is 
caused by the continuous ingestion of these 
foods, which in the chronic form may cause 
the ruminal flora to adapt to such foods, 
while in the subacute form it may give rise 
to less serious disturbances, with alterations 
that are not so serious as to lead to clearly 
evident symptoms, whereas the chronic 
variety often exhibits no symptoms at 
all. 

The subacute form can be seen in ani- 
mals that have just commenced lactation, 
where the ration contains too high a level of 
carbohydrates and/or the animals are put 
out to pasture in lush fields of grass without 
having been given adequate time to adapt. 
Symptoms seen include: 

• Simple indigestion, lasting several days. 

• Aseptic laminitis. 

• Subclinical mastitis - detectable by an 
increase in the SCN (somatic cell number) 
of bulk milk. 

• Excessive weight loss (BCS < recom- 
mended level). 

• Poor milk production (relative to energy 
content of diet). 

Other diseases with different causes may 
affect sheep suffering from ruminal acidosis 
as a result of their greater predisposition 
(e.g. enterotoxaemia, listeriosis, footrot). 
Diagnosis of the subacute form is far from 
easy: in fact, there are no pathognomonic 
signs, or any reliable tests that can be car- 
ried out. In theory, measurement of the 


172 


M. Morgante 


ruminal pH of a certain number of sheep 
may be a valid diagnostic aid. The chronic 
form affects mainly weaned lambs (see 
Section 10.4.3). 


Primary tympany (bloat) 

Acute primary tympany, given the high 
mortality rate associated with it, can cause 
serious financial loss when it affects numer- 
ous animals. Tympany resulting from graz- 
ing constitutes a seasonal occurrence 
associated with the grazing of sheep on lush 
pastures. Cases of primary tympany are 
fairly rare in sheep, and are associated with 
poor husbandry or accidental situations. If 
sheep are suitably adapted to pasture con- 
sisting of bloat-inducing plants, they are 
generally unaffected by this kind of problem, 
although other factors do play a certain role 
here, such as the predisposition of the 
breed, the type of food supplements the ani- 
mals are fed, climatic conditions, etc. 

The cause of primary tympany is the 
formation of froth stabilizer in the rumen, 
which imprisons the gases that are pro- 
duced by fermentation, and impedes eructa- 
tion as it inhibits the fusion of air bubbles, 
and thus induces the accumulation of a cer- 
tain quantity of free gas in the pyloric zone: 
the latter is an essential prerequisite of the 
eructation reflex. Plant lipids and salivary 
mucoproteins act as anti-frothing agents, 
causing a reduction in the superficial tension 
of the ruminal contents. 

From the pathogenic point of view, the 
speed with which the frothing substances 
are ingested, and thus the likelihood the said 
mechanisms have of preventing frothing, is 
of considerable importance: the formation 
of froth is aided by diets containing frothing 
substances which do not stimulate saliva- 
tion, which alter ruminal pH and fermenta- 
tion, and which encourage the 
multiplication of encapsulated bacteria that 
produce polysaccharides. This mainly 
occurs when the sheep are moved to pas- 
tures of leguminous plants, which contain 
high levels of frothing agents - cytoplasmic 
proteins present in the leaves (Smith, 
1996). 


Symptoms of primary tympany gener- 
ally emerge as little as 15 min after the 
bloat-inducing food has been eaten. The 
wall of the rumen suddenly swells, particu- 
larly around the fossa in the left flank, 
although the whole of the abdomen will 
appear enlarged. The animal becomes nerv- 
ous, showing the following increasingly dis- 
tressed signs: 

• Dyspnoea (tachypnoea, breathing with 
open mouth, outstretched neck). 

• Hypersalivation. 

• Severe tachycardia. 

The course of the disease is short (3-4 h), 
after which the animal dies. Ruminal probe 
or puncture will reveal the presence of copi- 
ous frothy content. 

Treatment, based on the oral adminis- 
tration of anti-frothing substances (e.g. min- 
eral oil) capable of reducing the superficial 
tension of the ruminal contents, is often 
ineffective when a large number of animals 
are affected and symptoms are serious, 
given the short course of the disease. 
Prevention involves avoiding grazing sheep 
on lush pastures of leguminous plants at cer- 
tain times of the year, unless they have been 
prepared beforehand and their diet is sup- 
plemented with fibrous forage. 


10.2.3 Intestinal disorders 

Diarrhoea is the chief symptom of intestinal 
disorders caused by dietary changes, even 
though it is present in every primary disease 
of the intestine or the forestomach (see the 
case of ruminal acidosis above), as well 
being a response in cases of sepsis, tox- 
aemia or to certain diseases of other organs 
and systems. Under normal conditions, a 
considerable quantity of isotonic fluid enters 
the intestine every day, but only a small 
amount of this is eliminated as a component 
of faeces. This liquid derives from the food 
the animal is fed and from secretions from 
the proximal digestive tract. Normally, intes- 
tinal reabsorption exceeds these secretions, 
and therefore even slight changes in the 
speed of absorption can lead to diarrhoea. 
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In ruminants, dilution of the faeces is often 
the consequence of disorders of forestom- 
ach fermentation and of an increase in the 
speed of intestinal transit. 

In sheep, the faeces normally consist of 
small dark-brown faecal balls with a water 
content of 50-60%. It is not unusual to 
observe the presence of faeces in soft blocks 
of a greenish-brown hue, especially at the 
beginning of grazing. The presence of 
watery faeces, on the other hand, may be a 
sign of a digestive disorder of a dietary 
nature. The chief causes of diarrhoea are: 

• Poor absorption (villus atrophy). 

• Osmotic overload. 

• An increase in secretions. 

• Abnormal contractility. 

• An increase in the hydrostatic pressure 
between the enteric circulation and intes- 
tinal lumen. 

In the case of disorders caused by dietary 
problems and by changes affecting the 
forestomach, the osmotic mechanism pre- 
vails as a result of an increase in the speed 
of passage, which leads to larger quantities 
of carbohydrates and liquids being taken 
into the intestine than can be reabsorbed. 
This, in turn, leads to an increase in the 
quantity of substances that have not been 
digested, or absorbed by the large intestine. 
As a result, there is an increase in fermen- 
tation and in the number of osmotically 
active particles. In ruminants, ruminal over- 
load (e.g. an excess of carbohydrates) may 
lead to osmotic imbalances in the rumen 
and changes in the pH of the abomasum, 
capable of causing diarrhoea, which may be 
a direct consequence of disorders of the 
forestomach. 

Dietary factors that lead to an increase 
in fermentation within the large intestine 
can also predispose the animal to infections, 
e.g. clostridial enterotoxaemia, infections 
due to Listeria monocytogenes (Gillespie 
and Timoney, 1984). The latter is mainly 
associated with the feeding of sheep with 
badly stored fodder silage (pH > 5), contain- 
ing a considerable number of microorgan- 
isms. 

Prevention of intestinal disorders in 


sheep involves the reduction of disturbances 
of the forestomach. However, the speed of 
passage in sheep is greater than that in cat- 
tle, and thus the forestomach’s filter action 
may be more easily affected in sheep. Ovine 
concentrate should be supplemented with 
buffers capable, above all, of acting at the 
intestinal level, such as calcium carbonate 
and magnesium oxide. If they are fed grains 
of cereal (such as barley grain), these may 
get past the ruminal barrier undigested and 
cause abnormal fermentation in the large 
intestine. Thus, when this kind of feed is 
given to animals, the faeces should be 
checked for excessive amounts of undi- 
gested grain. Grain can be left to soak for 
8-12 h before feeding to sheep, should it 
prove impossible to crush or flake it. These 
procedures not only make it more digestible, 
but also prevent the loss of grain in the fae- 
ces, thus improving productivity. Putting the 
animals out to graze should be done gradu- 
ally, especially after the winter or after it has 
rained. Animals should also be fed rough 
forage, in order to guarantee that food 
remains for a longer time in the rumen, thus 
reducing the speed with which food passes 
through the alimentary tract. 

10.3 Metabolic Diseases 

10.3.1 General features 

The animal's organs ensure the homeostasis 
of body fluids by means of a continuous flow 
of diverse metabolites into and out of these 
organs. Any changes in the rapidity of either 
input or output which cannot be promptly 
adjusted by an opposing factor will alter the 
equilibrium and may eventually cause severe 
upset. 

There are a considerable number of 
mechanisms working to maintain this equi- 
librium: in the first place, animals have 
developed a complicated endocrine control 
system; secondly, the stability of the 
dynamic input/output system chiefly 
depends on the quantity of metabolite in cir- 
culation and on the quantity present in the 
reserve fluids and organs, mechanisms 
designed to absorb or synthesize this 
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metabolite and to transform, utilize and 
excrete it. 

Each of the metabolic pathways, includ- 
ing those of water, minerals, trace elements, 
electrolytes, proteins and energetic metabo- 
lites, may be affected by an imbalance 
between ‘input’ and ‘output’, resulting in 
various metabolic disorders (Payne, 1977). 
The majority of these disorders affect mainly 
animals with greater metabolic require- 
ments, such as growing lambs and produc- 
tive ewes (pregnant and lactating animals). 
They are the result of a compromise in the 
animal’s capacity for dealing with the 
demand for high levels of production. Thus 
diseases of this kind can be considered to be 
due to human error, i.e. the wrong diet or 
poor animal husbandry. This alters the bal- 
ance between input and output, with conse- 
quent adverse effects on the health and 
production of the animals. 

In dairy sheep farming, however, the 
selection methods and type of breeding 
that have been adopted up until now 
have yet to create the serious metabolic 
disorders found in dairy cows, although 
some can be identified. In sheep farming, 
dietary imbalances and nutritional in- 
sufficiencies continue to play a greater 
part than high production levels in creat- 
ing such disorders, particularly due to the 
close link between this kind of livestock and 
the importance of grazing. Thus, the nutri- 
tional insufficiencies or excesses associated 
with the variability of this factor over time, 
in both quantitative and qualitative terms, 
and the mistakes made in livestock manage- 
ment, constitute the major causes of meta- 
bolic and nutritional disorders in dairy 
sheep. 

10.3.2 Disorders associated with the animal's 
energy metabolism 

We have previously considered disturbances 
associated with excessive feeding of carbo- 
hydrates: these include digestive and sys- 
temic diseases, such as the various forms of 
ruminal acidosis. In the present section the 
consequences of energy deficit are dis- 
cussed. 


Pregnancy toxaemia 

Pregnancy toxaemia, otherwise known as 
sheep ketosis or ‘twin-lamb disease’, is 
caused by a negative energy balance due to 
increased demand from the fetus, or fetuses, 
as they quickly grow during the later stages 
of pregnancy (the last 2-4 weeks), and to an 
insufficient level of energy intake from the 
ration (Bezille, 1996). This disease usually 
affects ewes from the second or third preg- 
nancy onwards, even though cases have 
been reported in hoggets subject to oestrus 
synchronization, probably as the result of a 
significant increase in multiple births. An 
insufficient energy intake occurs when the 
sheep are fed poor-quality forage, or when 
pasture is of poor quality due to adverse 
weather conditions. A fairly important fac- 
tor of variability is the voluntary ingestion of 
feed, which tends to decrease in excessively 
fat ewes towards the end of pregnancy. Any 
sudden changes in diet and/or the presence 
of other diseases such as footrot or intestinal 
parasites, as well as certain operations such 
as anti-parasite baths, transport or move- 
ment of the animals, may lead to a reduc- 
tion in the ingestion or absorption of food, 
encouraging the onset of the disease. 
Moreover, a lack of other nutrients, such as 
choline or biotin, may also contribute to the 
onset of the disease. 

Sheep, like all ruminants, cannot regu- 
late the fetus’s demand for glucose, and so 
must use their body reserves when dietary 
supplies are inadequate. The extra glucose 
needed to satisfy the energy requirements of 
the maternal and fetal tissues cannot be 
obtained directly from the digestion of food, 
so must be synthesized. More than half the 
necessary glucose is produced by the liver, 
from propionic acid derived from the fer- 
mentation of carbohydrates in the rumen; 
the remainder is synthesized, by means of 
gluconeogenesis, from glucogenetic amino 
acids, lactate and glycerol. When propionic 
acid and other precursors of glucose fail to 
satisfy glucose requirements, the result is 
hypoglycaemia, which leads to depression 
of the central nervous system (CNS). The 
fatty acids rapidly mobilized by the fatty 
reserves in the liver are oxidized for energy 
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purposes inside the liver, and produce 
acetylCoA in the process. A deficiency of 
glucose precursors leads to a reduction in 
the intermediate metabolites in the Krebs 
cycle, and in particular in the oxalacetate 
needed to utilize acetylCoA, which as a 
result is partially oxidized to form ketone 
bodies (acetone, acetoacetic acid and (3- 
hydroxybutyric acid), which accumulate in 
the bodily fluids (blood and urine), leading to 
metabolic acidosis, with resulting dyspnoea, 
depression of the CNS, dehydration, hyper- 
azotaemia and loss of consciousness. The 
presence of non-esterified fatty acids (NEFA) 
in the liver causes an accumulation of 
triglycerides, which in turn leads to hepatic 
steatosis (Smith, 1996). 

In an affected flock the onset of the dis- 
ease lasts for several weeks, with a varying 
number of sheep showing clinical signs of 
the disease each day. Although the course 
of the disease lasts on average 1 week, the 
affected sheep are only identified as such 
during the final stages. The first sign is a 
reduction in their sensory capacities, when 
they have problems of posture, balance and 
walking: this is followed by recumbency, 
coma and death. The affected sheep find it 
impossible to follow the other sheep out to 
graze, and they seem blind, move around 
listlessly, wobbling and often bumping clum- 
sily into obstacles. They are sometimes 
affected by convulsions, and in the final 
stages of the disease, they lie down in ster- 
nal or lateral recumbency in a stupor, open- 
mouthed, grinding their teeth and chewing 
on nothing. Recumbency is followed, 3 or 4 
days later, by coma and death. The differ- 
ential diagnosis includes other peri-partum 
diseases such as gangrenous mastitis, 
hypocalcaemia, polioencephalo-malacia, 
enterotoxaemia and toxicity (Ford, 1983). 

During the early stages of the disease 
affected sheep present signs of hypogly- 
caemia, raised blood concentrations of 
NEFA, hyperketonaemia and ketonuria. In 
animals with advanced acidosis and renal 
insufficiency, the concentration of bicarbon- 
ate may be reduced by 50%. Ketonuria is 
usually present, and is noticeable before 
hyperketonaemia. Serum levels of (3-hydroxy- 
butyric acid are high (> 1 mmol/1). 


Anatomopathological lesions are often min- 
imal, and are characterized by the presence 
of two or more fetuses, or of a single large 
one, which may be in an advanced state of 
decomposition. The liver increases in vol- 
ume and becomes pale, friable and has an 
unctuous cut surface (due to hepatic steato- 
sis). 

Treatment is effective only in the case 
of sheep in the early stages of the disease, 
when the animal is still upright. They may 
be given intravenous glucose solutions, oral 
administration of glycerol (200 ml of a 
warmed 50% solution) or propylene glycol, 
twice a day until appetite returns. Another 
effective form of treatment may be the 
reduction of metabolic drainage by means of 
the removal of the fetus by Caesarean sec- 
tion, or by induction of delivery with admin- 
istration of 10 mg dexamethasone 
21-isonicotinate. However, ewes suffering 
from a prolonged energy deficit may show 
an indifferent response after glucocorticoid 
administration, and higher dosages may be 
necessary (Smith, 1996). 

Prevention and control should be based 
on careful observation of the ewes during 
the last weeks of gestation. Even if cases of 
toxaemia in a flock are rare, the majority of 
the sheep may be affected by an energy 
deficit, with problems of growth and devel- 
opment of the fetus and udder, which could 
lead to a greater death rate among lambs, 
low birthweight, slow growth of surviving 
lambs and a reduced milk yield. Within a 
flock, sheep at risk may be identified with 
the help of a pregnancy assessment using 
ultrasonography: in this way, sheep that are 
at risk may be fed a food supplement. The 
concentration of |3-hydroxybutyric acid may 
be taken as a guide to the correction of food 
supplements during the final weeks of preg- 
nancy. 10% of the flock are examined, and 
feed is increased if the blood concentration 
of |3-hydroxybutyric acid exceeds 0.48 
mg/ml (0.8 mmol/1) (Russel, 1984). 

If the sheep are fed a suitable diet dur- 
ing the final 3 months of pregnancy, they 
should put on 4 kg in weight if bearing a sin- 
gle lamb, and 7.5 kg if twins. If ewes are 
overweight at mating, their body weight 
should fall by 20% during the first 2 months 
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of pregnancy, and then increase over the 
next 3 months. Those that are fat when 
they are about to give birth are most at risk 
from the disease. During the final stage of 
pregnancy (the last 30-40 days), the sheep 
should be offered a supplement of concen- 
trate (the quantity will depend on the stage 
of pregnancy), in gradual increments, up to 
a daily dosage of 400-500 g/head till 
15-20 days prior to delivery. This concen- 
trate should contain substances with a gluco- 
genetic action, proteins and bypass amino 
acids, as well as adequate amounts of min- 
erals and vitamins (in particular cobalt and 
niacin). Concomitant diseases such as para- 
sitism or infections should be treated, as 
they constitute secondary factors of malnu- 
trition. 


10.3.3 Disorders associated with protein 
deficiency 

As far as protein intake is concerned, rumi- 
nants have an advantage over monogastric 
animals in that the ruminal microflora may 
synthesize new proteins from non-protein 
sources of nitrogen. Moreover, each mole- 
cule of urea that forms in the body as the 
end-product of protein metabolism may be 
recycled as a source of ruminal nitrogen by 
means of salivary enzymes. This means that 
ruminants may economize on the ingestion 
of proteins. Generally speaking, therefore, 
protein deficiency should not be a serious 
problem for sheep, except in certain cir- 
cumstances: problems may arise, for exam- 
ple, when protein requirements increase as 
a result of high milk production. 
Furthermore, protein deficiency rarely exists 
in sheep, but tends to be part of a wider 
problem involving other nutrients such as 
energy sources. Reduced ingestion of pro- 
teins, in fact, depresses the activity of the 
ruminal microorganisms, with the result that 
the digestion of carbohydrates in the rumen 
is compromised. Moreover, some trace ele- 
ments are of vital importance to the working 
of the rumen: these include sulphur (for the 
synthesis of lysine and methionine) and 
cobalt. In other words, it is difficult to sepa- 
rate the simple lack of proteins from malnu- 


trition in general. Other diseases may also 
interact, causing a serious secondary protein 
deficiency or the exacerbation of an already 
existing condition. Some diseases of the 
liver, the intestine and the kidneys lead to an 
excessive loss of serum protein, e.g. fascio- 
liasis (liver fluke), Johne’s disease and ascari- 
asis (roundworms). 

Protein deficiency has a number of con- 
sequences which can affect various organs 
and systems. A reduction in blood proteins 
leads to the modification of blood osmolality 
and to disorders of water metabolism, with 
the onset of oedema, which, in the case of 
sheep, will be seen primarily in the inter- 
mandibular space. A reduction in protein 
synthesis may alter the production of pro- 
tein hormones associated with reproduc- 
tion, leading to problems of fertility and 
interference with the synthesis of the bone 
matrix, which in turn can lead to osteoporo- 
sis. Similar disorders can be found in the 
growth of horns and hooves, leading to 
lameness and lesions of the feet. The 
growth of the fleece may also be compro- 
mised. 

The effects of protein deficiency can 
also affect the animal’s energy metabolism. 
The latter is adversely affected by the fact 
that part of the blood sugar comes from 
glucogenetic amino acids such as alanine 
which, together with methionine, play an 
essential role in the synthesis of lipopro- 
teins: any deficiency of these amino acids 
affects metabolism and the transportation of 
fats to such an extent that protein deficiency 
in sheep towards the end of pregnancy may 
contribute to the onset of pregnancy tox- 
aemia. Such a deficiency may also adversely 
influence the immune response to the most 
common pathogenic agents. It is widely rec- 
ognized that the nutritional state of the host 
influences the speed with which proper 
immunity against parasites and other infec- 
tious agents is acquired, and that proteins 
have a major role to play. Protein supple- 
ments fed to sheep are capable of improv- 
ing the response of T-lymphocytes to 
mitogens and to the antigens of the L3 lar- 
vae of gastrointestinal Strongyloidea. 
These supplements do not appear to influ- 
ence the parasitic load directly, but they 
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reduce the loss of production from parasitic 
action and help eliminate parasitic eggs. 
The latter seems to be a result of the 
reduced productive capacities of the para- 
sites due to the host’s immunity (Morgante 
and Ranucci, 1997). 

In the case of protein deficiency, non- 
specific symptoms include: 

• Low milk production. 

• Poor quality of the fleece or of the feet. 

• Low fertility. 

• Oedema (particularly in the inter- 
mandibular space). 

The final diagnosis depends on an interpre- 
tation of the metabolic profile, which may 
show low levels of blood urea (< 2.5 
mg/ml), albumin (< 0.25 mg/ml) and 
haemoglobin (< 0.8 mg/ml), especially in 
lactating sheep. A differential diagnosis 
should be made, excluding the effects of a 
secondary deficiency, such as those caused 
by energy or trace element deficiencies, or 
by other diseases such as serious parasitic 
infestation or paratuberculosis. 

Prevention depends, first and foremost, 
on an accurate calculation of the actual 
ingestion of proteins. This may often be 
deceptive if the evaluation is based only on 
the crude protein (or nitrogen) content of 
the ration. 


10.3.4 Disorders associated with protein 
excess 

An excess of protein is a fairly rare occur- 
rence in sheep farming, although certain 
factors may bring it about. Likewise, it is 
rare to come across cases of toxicity caused 
by the use of non-protein nitrogen sources, 
such as urea. Nevertheless, certain situa- 
tions may lead to an excess of protein 
and/or non-protein nitrogen, above all 
when milk-producing sheep are fed large 
quantities of concentrates, or when spring 
pasture is extremely rich in non-protein 
nitrogen or easily degradable proteins. 

In the latter case, an important role is 
played by even a temporary lack of an ade- 
quate quantity of easily fermentable carbo- 


hydrates capable of providing the carbon 
framework required for protein synthesis by 
the ruminal flora. In either case, the excess 
ammonia formed in the rumen may enter 
the circulation and avoid detoxifying action 
in the liver, especially if the latter is affected 
by pathological changes such as parasitism, 
e.g. liver fluke, and may cause problems. 
Nevertheless, there are no reports of this 
occurring in sheep, although it is easy to 
imagine the pathological role played by 
excess ammonia. However, it should be 
pointed out that sheep have a higher blood 
urea level (3. 5-5. 5 mg/ml) than cattle or 
other ruminants. The blood urea levels, as 
well as those present in the milk, may indi- 
cate the state of protein metabolism, even 
though they may have been modified as a 
result of other physiological situations, e.g. 
anorexia, or pathological conditions, e.g. 
renal insufficiency. 

In cows, protein excess may cause 
reproductive disorders by means of two 
basic mechanisms: the first consists of a 
concurrent energy deficit, resulting from an 
imbalance between the energy and protein 
content in the diet; the second involves the 
action of the urea on the intrauterine envi- 
ronment by the production of 
prostaglandin, adversely affecting the sur- 
vival of the embryo. No studies of this prob- 
lem in sheep have been conducted, and it is 
likely that protein excess plays a smaller role 
in the productive performance of the ovine. 
This is firstly because during the mating sea- 
son the pastures are unlikely to be extremely 
rich in protein and non-protein nitrogen; 
secondly, the ewes are not at the height of 
lactation, and therefore even if their feed 
was extremely rich in protein, it is unlikely 
that these proteins would concurrently 
cause an energy deficit, which at present 
seems to be the most serious problem in 
cases of low fertility. Nevertheless, an excess 
of protein and/or non-protein nitrogen, the- 
oretically possible in cases of high urea lev- 
els (> 6.0 mg/ml) in the blood or in milk, 
may under certain conditions (the release of 
young animals on to protein-rich pasture) 
during the reproductive cycle cause 
ruminal alkalosis and intestinal imbalances 
(see above), with adverse consequences for 
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other organs and systems, e.g. the udder 
and feet. 


10.3.5 Mineral metabolism-related disorders 

Calcium and phosphorus 

Phosphorus (P) and calcium (Ca) are the 
most plentiful minerals in the mammalian 
body. Approximately 80% of all P and 99% 
of all Ca are in the bones and teeth. An ade- 
quate amount of Ca and P is needed for the 
normal growth and mineralization of bone. 
The remaining 20% of P is distributed 
throughout the soft tissues, where it has a 
number of different functions: it is of impor- 
tance for the energy exchanges that take 
place as a result of the formation and uti- 
lization of high-energy compounds (ATP); it 
has the capacity to be excreted as both 
H 2 P0 4 ~ and HP0 4 2_ , thus helping to main- 
tain the acid-base balance. Ca also has a 
number of functions to perform within the 
soft tissues, although it is of particular 
importance to: normal neuromuscular 
excitability; permeability of capillaries and 
cell membranes; muscular contraction; 
transmission of nerve impulses; and blood 
coagulation (Payne, 1977). 

The homeostasis of Ca, and to a degree 
that of P, is controlled by the parathyroid 
hormone (PTH) secreted by the parathyroid 
glands, by the calcitonin secreted by the C 
cells in the thyroid gland, and by 1.25 dehy- 
drocholecalciferol (l,25-(OH) 2 D, or vitamin 
D) produced by the kidneys. A reduction in 
the blood Ca levels stimulates the produc- 
tion of PTH, which in turn promotes the 
production of vitamin D by the kidneys, 
causing an increase in Ca absorption at the 
intestinal level (Smith, 1996). Bone tissue 
acts as a reserve for Ca and P, which can 
then be mobilized to keep blood levels nor- 
mal during those periods in which there is a 
high demand for calcium (towards the end 
of pregnancy it is required for the ossifica- 
tion of the fetal skeleton). 

In situations of deficiency, low blood 
levels of P stimulate the production of vita- 
min D, which in turn encourages the intes- 
tinal reabsorption of P. The excretion of P 


in ruminants involves its elimination in the 
saliva more than through the kidneys. PTH 
stimulates the elimination of P with saliva, 
and inhibits reabsorption by the kidney 
tubules. The efficacious reabsorption of P by 
the kidneys, together with the faculty for 
recovering that excreted in the saliva, makes 
ruminants, especially sheep, highly resistant 
to prolonged P deficiency (Payne, 1977) 

In healthy adults, the total concentra- 
tion of Ca in the blood is about 1.0 mg/ml 
(2.5 mmol/1). Of this, approximately 50% 
exists in the ionized (metabolically active) 
form. The concentration of inorganic P in 
the blood is about 0.5-0. 7 mg/ml. 


Hypocalcaemia 

Ewes can be affected by this disorder partic- 
ularly during the final 4-6 weeks of preg- 
nancy. Compared to dairy cows, sheep 
require more Ca for the growth of the fetus 
or fetuses than they do for lactation. 
However, in certain circumstances, e.g. the 
administration of substances capable of 
chelating the Ca, such as tetracycline, and 
with high-yielding animals, hypocalcaemia 
may occur even during the first 6 weeks of 
lactation. Flaccid paralysis is the first sign of 
hypocalcaemia in sheep, even though the 
tetanic variety is more common than in cat- 
tle. Due to the fact that pregnancy toxaemia 
and hypocalcaemia arise during the same 
period, it is often difficult to distinguish 
between them. A useful aid to differential 
diagnosis may be analysis of the urine using 
special reactive strips, in order to check for 
the presence of ketone bodies in the case of 
toxaemia. 

Lack of food, forced exercise or trans- 
portation (transport hypocalcaemia) may 
trigger off the disease in predisposed ani- 
mals. Long-distance transportation, more- 
over, may be the cause of hypocalcaemia in 
lambs, which if associated with hypomagne- 
saemia, takes the form of muscular tremors 
and tetany rather than flaccid paralysis. In 
sheep, as in lambs, the course of the disease 
is fairly short, and if the animals are not 
properly treated they may die within 24-48 
h. The intravenous injection of Ca gluconate 
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solution (1 g/50 kg BW) leads to rapid 
recovery. Prevention of the disease is mainly 
dietary-based: the ewes must be carefully 
observed during the final 6 weeks of preg- 
nancy, and provided with a sufficient quan- 
tity of Ca and energy in their feed (Russel, 
1983). To this end, farmers are advised to 
use Ca-rich hay, such as that made from 
leguminous plants. 


Magnesium 

As well as catalysing the action of certain 
enzymes, e.g. alkaline phosphatase, magne- 
sium (Mg) plays a role in the synthesis and 
lysis of acetylcholine and in the enzymatic 
scission of adenosine triphosphate (ATP). 
The excessive administration of Mg salts 
causes sensory and motor paralysis, 
together with a state of narcosis and the 
abolition of reflexes. Approximately 70% of 
the Mg present in the body is deposited in 
the skeleton, from where it is difficult to 
mobilize in deficiency; 29% is found in the 
soft tissues, while only 1% is present in the 
extracellular (interstitial and intravascular) 
fluid (Payne, 1977). 

Forms of grass tetany arise when the 
blood concentration of Mg falls from the nor- 
mal level of 0.2-0. 3 mg/ml to < 0.11 
mg/ml. The blood concentration of Mg 
varies within a fairly wide range of values, and 
depends mainly on the quantity of this ele- 
ment supplied in the diet, as opposed to what 
happens in the case of Ca, and to a certain 
extent that of P, where an appreciable quan- 
tity may be reabsorbed from the bones if 
required. Mg is eliminated through the urine, 
milk and faeces. Renal excretion of Mg 
begins when its blood concentration exceeds 
0.18-0.19 mg/ml, and is linearly correlated 
to concentration in the blood. Thus, the 
homeostatic control of magnesaemia 
depends on dietary intake and those factors 
which might hinder the absorption of Mg. 


Hypomagnesaemic tetany 

Hypomagnesaemic tetany (otherwise 
known as grass tetany, lactation tetany, 


transport tetany, etc.) involves a deficiency 
of Mg ions in the blood and in the cere- 
brospinal fluid (CSF) that causes the loss of 
normal neuromuscular function, the onset 
of tetanic spasms and clonic convulsions. 
Lactation, stress, transportation and/or 
anorexia may trigger off the symptoms in 
animals fed a poor diet. Grass tetany affects 
mainly lactating animals when pasture con- 
sists predominantly of graminaceous plants 
which are low in Mg, especially if they have 
been fertilized using nitrogen and potas- 
sium. Adverse weather conditions, which 
may lead to anorexia (energy deficit), may 
worsen the symptoms. A ration containing 
less than 0.2% Mg of DM can cause the 
onset of the disease, which is frequently fatal 
and must always be suspected in cases of 
sudden death of grazing animals (Smith, 
1996). 

The administration of a Mg supplement 
for a long period prior to letting the animals 
out to graze is of little benefit in preventing 
the onset of this disease. Prevention should, 
on the other hand, consist of the suitable 
integration of Mg in the daily diet during 
grazing on graminaceous plants and during 
periods at risk. This supplement may be 
provided in various forms: for example, Mg 
may be added to the animal’s drinking 
water, or they may be fed mineral supple- 
ments or concentrates, or salt may be 
spread over the pasture or on their feed, 
although the simplest, most economical 
method appears to be that of supplementing 
their diet with leguminous forage (Decante, 
1996). 


Sodium and potassium 

Sodium (Na) constitutes the principal cation 
in the blood and within the extracellular sys- 
tem (the osmotic skeleton), while 98% of 
potassium (K) is present at the intracellular 
level, where it contributes towards maintain- 
ing membrane potential, together with nor- 
mal muscular and cardiac contraction. They 
are absorbed by the intestine and excreted 
by the kidneys. The quantity of K to be 
found in feeds of plant origin often exceeds 
the animal’s requirements. Both Na and K 
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are to be found in considerable quantities in 
the body fluids and organs compared to 
their turnover: as a result, any disorder con- 
nected to their metabolism evolves rather 
slowly (Valercher et al., 1996). In other 
words, the system is suitably buffered, thus 
enabling animals to survive relatively brief 
periods of deficiency without any problem. 


Mammary oedema 

During the final stages of pregnancy (the last 
few days before lambing), an excessive 
swelling of the mammary gland may occur 
in several members of the flock. The udder 
appears symmetrical, of a normal colour, 
while the animal sometimes has difficulty in 
walking, or even in lying down to sleep, due 
to the size of the udder. The teats also 
appear considerably larger than normal, the 
udder feels doughy to the touch, and when 
pressed with the fingertips, clear pitting 
remains (fovea). Both rectal temperature 
and mucosal colour are often normal. The 
most commonly affected animals are primi- 
parous ewe-lambs and the fatter ones. 

This condition is not dangerous as such, 
as it lasts for only a few days after lambing. 
The onset of the oedema, however, may 
cause problems both to the ewes and to the 
lambs: the affected udder may be subject to 
trauma; the increase in size of the organ and 
the teats may prevent feeding of the lambs 
or inadequate milking, which may lead to 
lesions of the teats and milk engorgement. 
Situations like this expose the organ to the 
risk of bacterial infection (mastitis). In gen- 
eral, in the more serious cases, traces of 
blood may be found in the milk for a period 
lasting a number of days. The presence of 
red blood cells in the milk has been linked to 
an increase in the quantity of somatic cells 
(neutrophil leucocytes) (Morgante et al., 
1996). This alteration gives the milk a pink 
colour, thus making it unsuitable for sale or 
for processing. 

This form of mammary oedema should 
be distinguished from the other, commonly 
seen variety, which may appear in serious 
cases of mastitis: in the latter case, it is 
characterized by reddening of the skin, the 


presence of heat, pain on touching, the 
involvement of the supra-mammary lymph 
nodes, and in most cases by fever, anorexia 
and exhaustion, as well as by a considerable 
increase in the quantity of somatic cells in 
the milk. The etiopathogenesis of this disor- 
der has still to be fully explained. 

Mammary oedema occurs, above all, in 
animals fed large quantities of cereals or fod- 
der, and in those with a diet containing an 
excessive quantity of Na and/or K. It would 
seem to be connected to a form of water 
retention of an osmotic nature, although in 
the case of dairy cows hormonal causes can- 
not be excluded. Animals affected by mam- 
mary oedema do not generally require any 
specific form of treatment; prevention in the 
form of adequate dry rations, taking care to 
avoid excessive quantities of Na or K, con- 
stitutes the best way of controlling this prob- 
lem. 


10.4 Diseases of Lambs 

10.4.1 Failure of passive transfer of immu- 
nity (FPTI) 

Lambs are immunologically competent from 
birth, and have the capacity for developing 
a complete immune response like an adult 
sheep. However, they are virgin from the 
immunological point of view, in that they 
have never been exposed to antigenic stim- 
uli, and thus have no kind of acquired immu- 
nity and a considerable quantity of 
immunoglobulins in circulation. Lambs start 
to produce antibodies during the second 
week following birth, and only attain a sig- 
nificant level when they are in their second 
month. Under normal conditions, a tempo- 
rary form of protection against infection is 
provided by the passive antibodies the 
mother transfers to the lamb through its 
colostrum. The immunoglobulins that accu- 
mulate in the colostrum are selected from 
those contained in the serum, and are not 
produced by the udder (Smith, 1996). 

At birth, a lamb possesses special ente- 
rocytes in the intestinal tract, capable of 
absorbing large quantities of molecules such 
as immunoglobulins by means of a process 


Table 10.2. Metabolic nutritional disorders of dairy sheep. 


Disorder 

Causes 

Clinical signs 

Treatment and prevention 

Pregnancy toxaemia 

Negative energy balance due to (i) increased 

•Reduction of sensory capacity 

•Glucose solutions (l/V) 


demand from the fetuses as 

•Depression 

•Glycerol or propylene glycol (orally) 


they quickly grow during the later stages 

•Recumbency 

•Glucocorticoids 


of pregnancy; and (ii) an insufficient level 

•Coma and death within 4-7 days 

•Caesarean section 


of energy intake 

•Ketone bodies in urine 


Disorders associated 

•Primary: poor ingestion of protein 

•Intermandibular oedema 

•Adequate protein intake with the diet 

with protein deficiency 

with the diet 

•Low milk production 

in relation to the productive period. 


•Secondary: malnutrition in general, 

•Low tertility 

•Control of parasitic infections. 


high load of gastrointestinal and 

•Lameness 



hepatic parasites 

•Poor quality of the fleece 


Disorders associated 

Excess ingestion of protein and/or 

•Ruminal and intestinal imbalances 

•Adequate protein intake with the diet, 

with protein excess 

non-protein nitrogen 

•Reproductive disorders? 

avoiding sudden overload of easily 



•Blood urea > 6.0 mg/ml 

degradable N sources 

Hypocalcemia 

High requirement of Ca for the growth 

•Tremors and tetany 

•Ca gluconate solution 


of the fetus(es) combined with 

•Flaccid paralysis (less frequent) 

(1 g Ca/50 kg BW l/V) 


low Ca intake and/or absorption 
of pregnancy 

•Death within 48 h 

•Adequate Ca intake in last weeks 

Hypomagnesiemic 

•Low Mg content in the diet (pasture 

•Tetany 

•Adequate daily Mg intake with the diet 

tetany 

consisting mainly of graminaceous plants 

•Convulsions 

supplementing the diets of sheep grazing on 


fertilized with N and K). 

•Sudden death 

dangerous pasture 


•Predisposing factors (lactation, 
transport, stress, etc.) 


(with < 0.2% of Mg/DM) 

Mammary oedema 

Excessive quantity of Na and/or K in 

•Symmetric mammary 

•Adequate amount of concentrate, 


the diet during last phase of pregnancy 

enlargement 
•Blood in the milk 
•Secondary problems for milking 
and sucking lambs 

Na and K in the diet before lambing 
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of pinocytosis. The intestinal immunoglobu- 
lin absorption window is narrow and lasts 
for a period of 18-24 h from birth, although 
it is greater during the first 6-12 h. The 
blocking of this intestinal function is due to 
the loss of these special enterocytes. A pas- 
sive transit failure may occur because the 
colostrum does not form, or because it con- 
tains too few antibodies, or because it is lost 
as a result of premature lactation, with the 
lamb failing to ingest it, or because it is 
ingested but not absorbed. 

The main cause of the failure of 
colostrum formation in sheep is either the 
onset of acute mastitis or the functional 
incapacity of the organ due to a previous, 
chronic mastitis. These abnormalities are 
often unilateral, while the other half of the 
udder continues to function normally. 
However, in the case of twin or triple lambs, 
the colostrum may not be enough for all. 
Even with one healthy udder, the weaker 
lambs may not get a sufficient quantity of 
colostrum during the first hours after birth. 
Another thing that may happen is that the 
lambs are taken away from the ewe imme- 
diately after birth, to be fed artificial milk; 
they may refuse to suckle the dummy with 
the colostrum, or the latter may be fed in 
too small amounts, or too late. 

The inadequate intake of maternal 
immunoglobulins as such does not produce 
any particular symptoms, and thus cannot 
be diagnosed by clinical examination of the 
animal. One symptom that strongly suggests 
the presence of FPTI is the appearance of 
bacterial infection, and in particular of septi- 
caemia, septic arthritis, pneumonia and 
enteritis during the first 2 weeks after birth. 
FTPI may be diagnosed from the low levels 
of immunoglobulin in the serum as early as 
the first 36-48 h after birth. A quick way of 
testing these levels is by carrying out a tur- 
bidimetric analysis using zinc sulphate, a 
latex agglutination test or an immunoenzy- 
matic test. The IgG levels generally consid- 
ered to be adequate appear rather arbitrary, 
and probably vary depending on environ- 
mental conditions. Generally, adequate val- 
ues are > 80.0 mg/ml of IgG. 

It is not easy to treat this condition, par- 
ticularly in large flocks, and prevention is still 


the best method of controlling the problem. 
Prevention must be based on checks to 
ensure that the lambs have ingested a suffi- 
cient quantity of colostrum during the first 
24 h after birth. Special attention must be 
paid to ewes giving birth to more than one 
lamb, and to those presenting pathological 
alterations in the udder. A good general rule 
would be to create a colostrum bank at 
lambing time, freezing individual batches of 
500 ml of colostrum from different subjects, 
to be administered the following lambing 
time to the weaker lambs or to those with 
mothers at risk, even though in sheep farm- 
ing it is not difficult getting colostrum from 
other animals since most ewes give birth 
around the same time. Special care must be 
taken of lambs that are taken away from 
their mothers to be artificially fed, to ensure 
that colostrum is administered both at the 
recommended times and in the recom- 
mended quantities (500-800 ml within the 
first 24 h of birth). 


10.4.2 Neonatal hypoglycaemia 

This disease may arise in those lambs, born 
as twins or triplets, which are immature or 
undersized, or where the ewe lacks milk 
(usually due to mastitis), generally in envi- 
ronmental conditions characterized by low 
temperatures. The animals are often found 
dead, but an anatomo-pathological exami- 
nation shows no serious injuries: the only 
sign of the possible presence of the disease 
is an empty stomach. Diagnostic confirma- 
tion may be given by a positive response to 
parenteral treatment using glucose solution. 
During the 24 h immediately after birth, 
about 50% of all fats present in the newborn 
lambs can be found in the fatty tissue in the 
form of brown fat, which is utilized by the 
lamb for non-shivering thermogenesis 
(Blood et al., 1989). This may range in level 
from 1.5-4. 5% of bodyweight at birth, and 
smaller lambs with lower levels show a 
reduction in neonatal vitality. Factors affect- 
ing the onset of the disease include a low 
degree of interest shown by the ewe, or her 
complete absence, in the case of lambs 
which are only a few days old. 
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Treatment of lambs suffering from 
hypoglycaemia and hypothermia involves 
the intraperitoneal or intravenous adminis- 
tration of 10 ml/kg (BW) of a 20% glucose 
solution, before warming the body to bring 
it back to its normal temperature 
(39.5-40°C). In order to prevent the onset 
of this condition, lambs need 180-220 ml 
of colostrum/kg BW during the first 18 h 
from birth, in order to provide them with 
sufficient energy for the production of heat. 
During the final stages of gestation, great 
care must be taken over the way the ewes 
are fed, so that they can produce a sufficient 
quantity of colostrum. Colostrum may be 
easily obtained, however, by milking ewes 
with an excess yield. The chances of survival 
of weaker lambs may be improved by keep- 
ing ewes who have had two or more lambs 
in individual pens. 


10.4.3 Milk indigestion 

This is caused by the feeding of an excessive 
quantity of milk, but under normal condi- 
tions (i.e. when lambs are looked after by 
their mother) this problem does not arise. It 
is usually the result of the situation in which 
the lamb is fed artificially with unsuitable 
types or quantities of milk, or when the 
sheep are led out to pasture for a few hours 
and the lambs are left in the barn. An exces- 
sive milk intake makes it impossible for the 
lamb to digest all of the milk. This then 
reaches the colon, where it ferments to pro- 
duce osmotically active sugars and acids. 
This attracts water into the intestine, caus- 
ing diarrhoea, although this is often not very 
serious and can be quickly rectified by the 
resumption of normal feeding. In cases 
where the ewes are led out to graze while 
their lambs remain in the barn, another fac- 
tor may be that the famished lambs prema- 
turely ingest grass, forage and often faeces. 
They often have a greyish-yellow coloured 
diarrhoea without their general health being 
compromised in any way. Nevertheless, the 
persistence of this problem may predispose 
the lambs to complications which may 
sometimes be rather serious, e.g. clostridial 
infections. It is a good idea to examine the 


faeces each time the lambs have diarrhoea, 
in order to exclude the presence of parasitic 
infections, e.g. coccidiosis. 

10.4.4 Chronic ruminal acidosis 

Chronic ruminal acidosis affects weaned 
lambs fed large amounts of concentrates or 
cereal-rich diets. The ruminal bacterial pop- 
ulation alters, to produce increased numbers 
of microorganisms that both use and pro- 
duce lactic acid. There is a reduction in the 
quantity of cellulosolytic bacteria, and a pro- 
liferation of bacteria that degrade sugars and 
starch. The lactic acid fails to accumulate as 
it is continuously being metabolized by the 
bacteria. The resultant rapid fermentation 
produces a high concentration of VFA, lead- 
ing to a slight acidosis in the ruminal liquid. 
A concentrate-rich ration does not help 
mastication, and thus salivation, and there- 
fore the ruminal buffer system is further 
compromised as a result. The high levels of 
VFA, which stimulate the inhibitory recep- 
tors in the epithelium, and the type of feed 
that does not encourage the physical stimu- 
lation of the organ together inhibit ruminal 
contractility. Although the bacterial popula- 
tion is metabolically very active, the number 
of species present falls, and the protozoan 
population declines or disappears alto- 
gether, thus leading to the poor utilization of 
the dietary protein. 

The quantity of butyric and propionic 
acids increases, stimulating the proliferation 
of the papillae in the ruminal epithelium, 
which in extreme cases leads to parakerato- 
sis of the rumen, a consequent reduction in 
the absorption of VFA, and a greater sus- 
ceptibility to trauma and inflammation of the 
ruminal wall’s deeper tissues. Such lesions 
enable bacteria to enter and spread 
throughout the liver, and possibly other 
organs as well, leading to the formation of 
hepatic abscesses in the majority of affected 
animals. Lambs suffering from ruminal aci- 
dosis lose their appetite and display ruminal 
hypocynesia, delayed growth and, in some 
cases, symptoms of a chronic inflammatory 
reaction. Other concomitant pathological 
conditions which may accompany chronic 
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ruminal acidosis include aseptic laminitis 
and cerebrocortical necrosis, or polioen- 
cephalomalacia (thiamine deficiency). These 
problems presumably arise when the acidic 
fermentation of the rumen leads to the pro- 
duction of toxic factors such as histamine 
and thiaminase (Smith, 1996). 


10.4.5 Rickets 

Young, growing animals may be affected by 
rickets, which is characterized by defective 
bone growth. The basic lesion consists of 
defective calcification, the persistence of 
hypertrophic cartilage and swelling of the 
osteoepiphyses. The poorly mineralized 
bones are prone to curvature as a result of 
the body’s weight. This condition is most 
frequently caused by a lack of either vitamin 
D or P: in the former case, it tends to affect 
animals kept indoors, whereas in the latter 
case it tends to affect those raised outdoors. 
One factor that may predispose the animal 
towards such insufficiencies, and thus to 
defective bone growth, is the presence of 
intestinal parasites. Rickets may be a prob- 
lem in certain environmental contexts, such 
as in some mountain areas or situations 
where the animals are intensively fed in 
order to fatten them for slaughter. Rickets 
may be the result of a primary P deficiency 
in phosphorus-poor mountain areas, or of a 
lack of vitamin D in lambs raised for exces- 
sively long periods in the barn. However, 
lambs are less likely to be affected by a pri- 
mary P deficiency than are calves. 

The clinically visible form of rickets is 
characterized by stiff movement of the 
limbs, joint enlargement - of the front limbs 
in particular - and the bead-like enlarge- 
ment of the costochondral joints. The long 
bones present an abnormal curvature, 
which causes a forward displacement of the 
knee and a tendency for the animal to lie 
down; there is also anterior curvature and a 
tendency to fracture. Dental eruption is 
delayed and irregular, and the teeth appear 
poorly calcified, often decayed and of a 
brownish colour, badly aligned and prone to 
wear. 

When the disease is suspected, 


increased alkaline phosphatase (ALP) levels 
in the blood may be detected. When the 
cause of the disease is a P or vitamin D defi- 
ciency, the presence of P in the blood will 
be lower than normal by about 0.3 mg/ml. 
One of the best methods of diagnosing rick- 
ets involves radiography of the bones and 
joints. Rickets should be distinguished from 
Cu deficiency and from bacterial diseases of 
the joints. Prevention involves the adminis- 
tration of an adequate Ca and P supple- 
ment, and an improvement in the hygiene 
and environmental conditions of the farm. 


10.4.6 Urolithiasis 

Urolithiasis is a disease that may affect 
lambs being fattened on diets rich in con- 
centrates, and involves the formation of uri- 
nary calculi. The disease can be 
economically damaging when it affects a 
large number of animals at the same time. 
The formation of calculi in the urinary tract 
may cause the partial or total obstruction of 
the urethra, and the consequent death of 
the animal as a result of the rupture of the 
urethra itself or of the bladder. The symp- 
toms are characterized by dysuria, anuria, 
colic, depression and preputial or abdominal 
oedema. The mechanism underlying the 
formation of these calculi is still not fully 
understood; however, it is generally believed 
that when the formation of calculogenetic 
crystalloids in the urine is such that it 
impedes their being dissolved, then they 
may precipitate and deposit themselves on 
nuclei, often formed by mucoproteins. 

The degree of over-saturation of the 
urine depends on diet, pH, the animal’s 
consumption of water and on the presence 
of crystallization inhibitors in the urine. 
Struvite calculi (consisting of magnesium 
ammonium phosphate (MgNH 4 P0 4 ) salts) 
are the most commonly found variety in 
meat lambs fed on considerable quantities of 
concentrates. Such rations may contain 
large amounts of P and Mg, which increase 
renal excretion and the presence of crystals 
in the urine, particularly if the latter is 
noticeably alkaline. Acidification of the 
urine, on the other hand, is capable of dis- 
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solving these salts, thus preventing the for- 
mation of crystals. 

Urolithiasis is seen mainly during the 
winter, when the animals drink less water, 
leading to the formation of less urine and an 
increase in the concentration of crystalloids. 
An increase in the concentrate: forage ratio 
increases the quantity of sediment in the 
urine; however, an increase in the Ca con- 
tent of the diet protects against the forma- 
tion of calculi by reducing the quantity of P 
absorbed. The feeding of pellets to the 
lambs increases both the concentration of P 
in the urine and the formation of urinary cal- 
culi, although the underlying mechanism in 
question has yet to be fully understood. 

The only treatment available for ani- 
mals with clinical symptoms of obstruction 
of the urethra is surgery, in the form of a 
urethrostomy. Animals at risk from struvite 
calculi must be fed a diet containing smaller 
quantities of P and Mg, but additional Ca, in 
the form of good-quality hay made from 
lucerne. A gradual increase in the salt (NaCl) 
content of the diet may reduce the incidence 
of this disease, probably as a result of its 
diuretic effect and the consequent dilution of 
the urine. Struvite crystals precipitate in an 
alkaline environment, and so the addition of 
ammonium chloride to the diet (0.5%) acid- 
ifies the urine and thus reduces the risk of 
the disease (Smith, 1996). 


10.4.7 Nutritional muscular dystrophy 

Nutritional muscular dystrophy (NMD), oth- 
erwise known as ‘white muscle disease’ or 
‘stiff lamb disease’, is a hyperacute/sub- 
acute degenerative disease of cardiac and/ 
or skeletal musculature, caused by a diet low 
in selenium (Se) and/or vitamin E. It affects 
mainly lambs born from ewes fed on a Se- 
deficient diet during pregnancy. The effects 
of Se deficiency and vitamin E deficiency are 
partly the result of the onset of damage to 
the cell membranes and to proteins, which 
compromises cellular physiology. Selenium, 
as a component of the GSH-Px, and vitamin 
E act as biological antioxidants by protecting 
the organism from damage caused by highly 
reactive forms of oxygen (free radicals), 


which are normally produced during metab- 
olism. The exact correlation between the 
two elements, other metabolic factors and 
other trigger mechanisms present in NMD is 
still not clear, since many animals suffering 
from a deficiency of Se and/or vitamin E are 
not affected by muscular diseases. Poor 
absorption of Se often lies at the root of this 
deficiency in sheep: its absorption depends 
on the composition of the diet, on the 
absorption of proteins and on the presence 
of antagonist substances (Vrzgula, 1991). 
The factor that plays the most important 
role here is soil acidity: where the soil is 
rather acidic (pH 4. 5-6. 5), Se cannot be uti- 
lized by the plants. Judging by the close sim- 
ilarity between Se and sulphur (S), it is likely 
that soils rich in S may be lacking in Se as a 
result of competition between chemical ele- 
ments. 

There are two forms of NMD: cardiac 
NMD and skeletal NMD. The former is char- 
acterized by the hyperacute symptoms of 
cardiac decompensation, while the latter is 
characterized by myasthenia and difficulty in 
walking. In both cases, the most affected 
animals in the flock tend to be the younger 
ones in the phase of rapid growth. Evidence 
suggests that there may also be a form 
which arises prior to, or soon after, birth, 
whereby the animals are affected by muscle 
degeneration. 

The onset of the cardiac form of NMD 
is usually rapid, with serious debilitation, and 
sometimes death. It involves lesions of the 
heart, diaphragm and intercostal muscles. 
The affected animals are characterized by a 
marked degree of depression, dyspnoea, 
considerable weakness, recumbency and a 
quick, irregular pulse, although their rectal 
temperature is often normal. 

The skeletal form, on the other hand, 
usually starts more slowly, and is character- 
ized by muscular weakness or a certain stiff- 
ness of movement. The majority of affected 
animals remain recumbent, and can only 
manage to stand for a short period at a 
time. The limb muscles may be swollen, 
hard and painful to the touch: the most 
commonly affected ones are the gastrocne- 
mius, the semitendinosus, the semimembra- 
nosus, the biceps femoris and the muscles in 
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the lumbar regions of the glutei and the 
neck; the tongue muscles may also be 
affected, causing dysphagia. Animals suffer- 
ing from the skeletal variety often respond 
well to treatment: an improvement can be 
seen within 3-5 days, and the animals are 
able to stand and walk again. Animals suf- 
fering from an acute form of muscle degen- 
eration often present high serum levels of 
enzymatic activity - CPK, AST and LDH 
(Smith, 1996). 

Pathological examination of animals 
that have died, or have had to be slaugh- 
tered, shows signs of bilateral, symmetrical 
muscle degeneration. The degeneration of 
the skeletal muscles is characterized by dis- 
coloration of muscle tissue, which appears 
either pale pink, yellowish-grey or has a 
whitish hue, with a dry, opaque (wax-like) 
surface when cut (waxy, hyaline or Zenker’s 
degeneration). Affected muscle is often 
found adjacent to healthy muscle. 

The cardiac muscle is subject to degen- 
eration similar to that affecting the skeletal 
muscles, often with lesions present in both 
ventricles. 

The levels of Se present in an animal, 
or group of animals, can be checked by 
either biopsy or a blood test; vitamin E lev- 
els can be measured in blood, but blood esti- 
mation gives no information on the amounts 
of Se or vitamin E in the body’s reserves. 
Tissue biopsies (especially of liver tissue), on 
the other hand, can provide information 
about the body’s reserves. Whole blood is 
preferable to plasma or serum when meas- 
uring the level of Se. The standard concen- 
tration of Se in the liver varies from 
0.9-1.75 mg/g of DM. The erythrocyte 
level of the Se-dependent enzyme GSH-px 
can also provide useful information about Se 
reserves; the activity of GSH-px in the ery- 
throcytes remains constant for 4-6 days 
when kept at a temperature of 4°C, 
whereas it noticeably diminishes after this 
time. 

Table 10.3 shows the blood concentra- 
tions of Se and GSH-px in dairy sheep 
reared in Italy. The critical concentration of 
vitamin E in the plasma ranges from 
1. 1-2.0 ppm in the larger animals. The 
vitamin E present in the plasma deteriorates 


rapidly: therefore samples to be used for 
analysis must be frozen immediately and 
kept at -70°C if the analysis is to be carried 
out later (Smith, 1996). 

In the case of cardiac NMD, the dam- 
age is often widespread and life-threatening, 
although treatment can still be successful. 
The skeletal variety is easier to treat, 
although the prognosis is always guarded 
and depends on any subsequent complica- 
tions that may arise. Treatment consists of 
the parenteral administration of Se and vita- 
min E solutions: these are available with 
concentrations of selenium ranging from 
0.25-5 mg/ml in combination with 50 mg 
of vitamin E in the form of DLa-tocopherol 
acetate. The recommended dosage of Se 
varies from 0.55-0.67 mg/kg (2. 5-3.0 
mg/45 kg) BW, to be administered intra- 
muscularly or subcutaneously. Compound 
medicines must not be administered in doses 
over and above the recommended range, as 
this can cause Se toxicity. 

Prevention and control involve dietary 
supplementation with Se and vitamin E, 
although Se deficiency is more commonly 
implicated than that of vitamin E in the aeti- 
ology of NMD. Additional Se is provided in 
the form of food supplements: the addition 
of inorganic Se (0.2 ppm) may not be suffi- 
cient in high-risk areas. However, this sup- 
plementation must cover the entire year and 
not be limited only to periods in which con- 
centrates are given to the animals (at the 
end of pregnancy and at the beginning of 
lactation). The administration of organic Se 
is more effective than that of inorganic com- 
pounds, which, once metabolized in the 
rumen, are transformed into compounds 


Table 10.3. Selenium levels in dairy sheep reared in 
Italy (Morgante etal., 1998). 


Selenium status 

Se blood 
level (mg/I) 

GSH-px blood level 
level (U/g 

haemoglobin (Hb)) 

Deficient 

<0.05 

<212 

Low/marginal 

0.05-0.083 

212-281 

Marginal 

0.083-0.110 

281-338 

Adequate 

>0.11 

<338 
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that are not easily absorbed. Alternatively, 
individual animals may be periodically given 
Se and vitamin E (parenterally) in order to 
maintain levels and/or to help the placental 
passage of Se to the fetus. This treatment 
should only be used, however, during the 
period in which the ewes are not lactating. 
A subcutaneous administration of sodium 
selenite (Na 2 Se0 3 ) at the dose of 0.1 mgAg 
twice before lambing can maintain normal 
GSH-Px levels for at least 3 months in Se- 
deficient dairy ewes (Morgante et al., 1999). 

As far as the methods of supplementing 
the animal’s diet are concerned, samples 
of blood and tissue should be periodically 
taken from animals at risk in order to main- 
tain adequate levels of Se. In high-risk areas, 
samples should be taken every 60-90 days 
in order to establish the Se levels in the 
more susceptible animals. Any adjustments 
to supplements must be made on the basis 
of these results. The feeding of animals 
on well-made, properly stored hay, or fresh 
cereals and green fodder, guarantees an 
adequate supply of vitamin E. 


10.4.8 Copper deficiency 

Copper (Cu) deficiency occurs when the 
amount supplied in the animal’s diet is 
insufficient, or when the absorption or 
metabolism of Cu is negatively affected by 
other factors (secondary deficiency). A 
variety of factors may lead to a reduction 
in the absorption of Cu by the gastroin- 
testinal tract. The recommended minimum 
quantity of Cu in the animal’s diet (of DM) 
is 5 ppm for dairy sheep and 7 ppm for 
wool sheep. Secondary Cu deficiency is 
mainly associated with high levels of molyb- 
denum, sulphates, zinc (Zn), iron (Fe) and 
other compounds in the diet. The excessive 
administration of molybdenum can lead 
to the formation of Cu molybdate in the 
rumen, which is barely soluble and is not 
absorbed by the intestine. Moreover, an 
excess of sulphides or sulphates in the 
animal’s feed or drinking water may lead to 
the formation of Cu thiomolybdate (which 
is insoluble) in the rumen. An excess of iron 
(30 mg/kg of BW, or 1200 ppm) in the 


diet may also reduce Cu absorption. 

The cause of Cu deficiency in clinically 
evident cases is often a combination of these 
factors, and may prove difficult to quantify. 
Cu is an essential component of numerous 
enzymes; the more important Cu-containing 
enzymes from the physiological point of 
view include: 

• Superoxide dismutase (the cytoplasmic 
form, Zn- and Cu-dependent). 

• Cytochrome oxidase. 

• Lysyl oxidase. 

• Ascorbic acid oxidase. 

• Ceruloplasmin (Smith, 1996). 

Moreover, a normal intake of Cu is essential 
for the absorption of iron and its transport 
from the liver to the reticuloendothelial 
system, and thus for the formation of 
haemoglobin. The exact pathophysiology of 
the majority of syndromes caused by 
Cu deficiency is still not understood. 
However, Cu appears to play an important 
role in preventing damage from cellular 
oxidization, as well as in the metabolism 
of Fe and S. 

The symptoms of Cu deficiency include: 

• Profuse, watery diarrhoea. 

• Reduction in weight gain. 

• Wasted appearance. 

• Anaemia. 

• Alteration in the colour or quality of the 
fleece (achromotrichia). 

• Spontaneous fractures. 

• Demyelination of the peripheral nerves 
(enzootic ataxia in sheep and goats). 

• Lameness (physitis). 

Generally, only one of these symptoms pre- 
dominates in any given flock. Lambs and 
fetuses are more susceptible to Cu defi- 
ciency than adult sheep: the latter, on the 
other hand, are often subject to Cu toxicity. 
Lambs born from mothers suffering from 
Cu deficiency are more likely to show clini- 
cal signs of the syndrome than calves. Milk 
is a poor source of Cu, containing only 
0.2-0. 6 ppm in normal sheep, and 
0.01-0.02 ppm in those suffering from seri- 
ous deficiency. 
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The primary site for the accumulation 
of Cu is the liver, where its normal concen- 
tration ranges from 80-200 ppm of total 
DM. Liver concentrations of more than 350 
ppm are not infrequent in sheep which 
receive supplements. Cu concentrations 
may remain normal even if those in the liver 
fall below 35 ppm, but if the latter fall below 
this figure then the former are bound to fall 
as well. The concentration of Cu in the 
plasma is generally 5% higher than that in 
the serum. Normal concentrations of Cu in 
the serum range from 0.7- 1.2 mg/ml. 
Concentrations below 0.4 are considered 
distinctly low, whilst those of 0.4-0. 7 are 
considered marginal, and hence difficult to 
interpret. 


Treatment of Cu deficiency is normally 
achieved by injecting Cu-chelated com- 
pounds (1-2 mg Cu/kg BW), and the prog- 
nosis is often good, although it will depend 
on the severity of the symptoms (Suttle and 
Linklater, 1983). Lambs may be given 35 
mg of Cu sulphate/head, twice a week, in 
order to prevent the onset of symptoms in 
endemic areas. Ovine Cu requirements 
range from 5-10 mg/kg of DM. Sheep can 
ingest toxic amounts if they eat supplements 
intended for cattle, or even lamb feed con- 
taining 20 mg/kg of DM. It is important to 
check the level of Cu in the liver at the 
slaughterhouse regularly, in order to ensure 
that lambs have been receiving an adequate 
supplement of Cu. 


Table 10.4. Diseases of lambs. 


Disorder 

Causes 

Clinical signs 

Treatment and prevention 

Failure of 

•Poor quality and 

•Major susceptibility to: 

•Administration of 500- 

passive transfer 

quantity of colostrum 

septicaemia, septic arthritis, 

800 ml of good-quality 


•Colostrum ingestion 

pneumonia and enteritis 

colostrum within 24 h 


failure 

•Absorption failure 

•Low blood IgG level 

of birth 

Neonatal 

Poor milk ingestion in 

•Weakness, tremors 

•Adequate intake of milk 

hypoglycaemia 

the first hours after 

and depression 

•Glucose solutions (l/V or I/P) 


birth, and low environ- 

•Low body temperature 

•Warming 


mental temperatures 

and hypoglycaemia 


Milk indigestion 

Milk overload 

•Greyish-yellow diarrhoea 

•Avoid milk overload 




(especially artificially 
fed lambs) 

Rickets 

Vitamin D and/or P 

•Stiff movements 

•Adequate Ca and P intake 


deficiency 

•Joint enlargement 
•Skeletal abnormalities 

•Vitamin D administration 

Urolithiasis 

Concentrate-rich diet 

•Dysuria or anuria 

•Surgery 


with high levels of 

•Preputial or abdominal 

•Ca and NaCI 


P and Mg 

oedema 

supplementation 
•Urine acidification 

Nutritional 

Selenium and/or 

•Dyspnoea 

•Parenteral administration 

muscular 

vitamin E deficiency 

•Skeletal muscle weakness 

of Se/vitamin E 

dystrophy 

Presence of antagonist 

and stiffness 

•Se supplementation 


elements (e.g. S) 


of diet 

Copper deficiency 

•Primary: copper 

•Profuse watery diarrhoea 

•Parenteral administration 


deficiency 

•Anaemia 

of copper glycinate 


•Secondary: 

•Lameness (physitis) 

•Adequate Cu 


molybdenum excess 


supplementation 

Iodine deficiency 

•Primary: iodine 

•Low growth rate 

•Adequate iodine 

(hypothyroid 

deficiency 

•Goitre 

supplementation 

goitre) 

•Secondary: presence of 

•Abortion and stillbirths, 



goitrogenic plants 

with goitre and alopecia 
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10.4.9 Iodine deficiency (hypothyroid goitre) 

The clearest symptom of iodine (I) deficiency 
is the swelling of the thyroid gland, or 
goitre, especially in newborn animals. 
Sheep and goats are more prone to this 
deficiency than cattle. However, adult ani- 
mals may also be affected by insidious, sub- 
clinical forms, which lead to a reduction in 
milk yield, embryonic mortality/losses and a 
high rate of mortality among newborn ani- 
mals. Iodine deficiency is quite common in 
sheep. 

The majority of forage contains low lev- 
els of I as regards the animals’ requirements. 
Inland areas tend to become increasingly 
poor in I as a result of their constant impov- 
erishment. This situation may be exacer- 
bated by other factors, such as a high Ca 
intake, which limits the absorption of I, or 
by the feeding of Brassicae, which produce 
thiocyanate in the rumen; this can restrict I 
uptake. 

Almost all the I present in the body is 
stored in the thyroid in the form of thy- 
roglobulin and thyroxine (T4). Iodine is the 
base ingredient of the thyroid hormones - 
triiodothyronine, or thyronine (T3), and 
tetraiodothyronine (T4), only the first of 
which represents the free, physiologically 
active form. These have important functions 
in the control of energy exchanges, metab- 
olism and tissue growth. 

Iodine deficiency leads to the onset of 
goitre because the paucity of thyroxine 


causes stimulation of the thyroid by thyroid- 
stimulating hormone (TSH) produced by the 
pituitary gland, inducing hyperplasia of the 
thyroid. 

A reduction in basal metabolism leads 
to the onset of a series of non-specific clini- 
cal symptoms, including insufficient devel- 
opment in growing animals, low milk yields 
and the general debilitation of sheep, 
accompanied by a gradual decline in their 
sexual functions. A more specific diagnostic 
symptom is the occurrence of abortions and 
stillbirths that may exhibit goitre and alope- 
cia. 

A precise diagnosis can be made by 
measuring I level in the blood, in the urine 
and even in the milk, although it is not easy 
to interpret the results obtained, in as much 
as this deficiency is a long-term problem, 
and the thyroid gland accumulates sufficient 
I for use during periods of reduced intake. In 
sheep, less than 80 mg/ml of 1 in the milk 
may be a sign of insufficient I in the feed. 
Once it has been established that there is a 
deficiency, simple correction of the diet 
should by itself resolve the problem. Many 
complex foods contain a sufficient quantity 
of I, such as iodized salt blocks, and should 
be made available to the animals. The rec- 
ommended daily dose is 0.8 mg/kg DM of 
feed in the case of lactating ewes, and 0.12 
mg/kg DM for lambs and non-lactating 
ewes. An excessive quantity of I supplement 
may lead to clinical problems of excess, or 
iodism. 
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11.1 Pasture Eco-physiology 

Grazing is the interaction between animals 
using the pasture and the pasture itself. 
Indeed the grazing behaviour of herbivores 
is strongly influenced by the characteristics 
of the pasture, while its growth habit, 
growth rate and eco-physiological develop- 
ment are in turn affected by the grazing 
intensity. 

Forage plants can be perennial species, 
whose life cycle develops over a period of 
years, or annual species, which germinate, 
flower, and die during a single growing sea- 
son (autumn-spring or spring-summer). In 
both cases, the growth rate is strictly linked 
to the climatic conditions and thus to the 
seasons, which govern the transition from 
the vegetative phase of herbage growth to 
the reproductive phase, during which the 
plant flowers and seeds. The autumn-spring 
cycle is the most common for annual forage 
in Mediterranean climates. During the win- 
ter vegetative phase the biomass principally 
consists of leaves of high nutritive value. As 
the photoperiod lengthens and the temper- 
ature starts to rise, the reproductive phase 
begins. In grasses this phase is marked by a 
fall in quality of the forage due both to the 
increase in the fibrous content of the plant 


as the reproductive stem develops and hard- 
ens, and to the fact that the plant does not 
produce new leaves. In addition, all of the 
plant’s reserves are concentrated in the 
seeds. In legumes the fibrous proportion 
also increases as flowers form and the pods 
develop, but the quality of herbage available 
for grazing is generally higher than that for 
grasses during the pasture growing cycle 
(Table 11.1) as well as standing hay in sum- 
mer (Sitzia and Fois, 1999; Fois et a/., 
2000c). 

Apart from climatic factors such as 
humidity and temperature, herbage growth 
is influenced by the type and fertility of the 
soil. In the Mediterranean environment 
growth usually slows down during the colder 
months and may actually stop at high alti- 
tudes. Basically growth depends on the abil- 
ity of the plant to intercept sunlight and 
transform non-organic carbon into carbohy- 
drates. In this respect the quantity of green 
leaves is of fundamental importance, and 
this is expressed by the leaf area index (LAI), 
which measures the green area per unit of 
ground surface area. The plant has an effi- 
cient LAI if green tissue is continuously pro- 
duced and replaced. 

After the leaves have been grazed the 
plants replace them in a time period which 
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Table 11.1. Average dry matter availability (DMA, t/ha), crude protein (CP, %DM) and NDF (%DM) of some 
Mediterranean forage species (Fois etal., 2000a, b). 


Burr medic Sulla 

( Medicago (Hedysarum Annual ryegrass 



polymorpha) 

coronarium) 

WFC a 

( Lollum rigidum) 

Natural pasture b 

Winter 

Spring 

Winter 

Spring 

Winter 

Winter 

Spring 

Winter 

Spring 0 

DMA 

1.7 

4.6 

1.9 

6.0 

2.0 

1.7 

6.1 

1.0 

5.1 

CP 

26.6 

22.1 

22.0 

16.9 

18.7 

17.5 

11.7 

16.3 

5.9 

NDF 

33.6 

42.1 

33.7 

43.6 

42.4 

38.2 

54.8 

48.3 

69.0 


a Winter forage crops: oats (Avena sativa), hairy vetch ( Vicia villosa), Persian clover (Trifolium resupinatumy, b 60% 
grasses; c late spring. 


depends on the species (leaf emergence 
rate, average life span of the leaves) and the 
intensity of use. In general, intensive use, 
which results in removal of most of the 
leaves, lengthens the period necessary for 
regrowth and thus the length of time before 
the plant can be grazed again. 

The production of biomass depends on 
the number of plants per unit area as well as 
on the intrinsic characteristics of the forage 
species used. In grasses, tillering is thus of 
fundamental importance as a guarantee of 
good levels of production. This takes place 
during the vegetative growth of the plant 
and is favoured by a good light level at the 
base of the tiller of the mother plant. If 
water and light are limited, few secondary 
tillers are produced and this can eventually 
result in excessive thinning-out of the pas- 
ture and the possible death of the plants. 
Apart from seeding density, one of the fac- 
tors which principally favours tillering is 
grazing. Indeed, in a pasture of Italian rye- 
grass, continuously grazed at different 
heights using variable stocking rates, the 


tiller number was inversely related to height 
of the pasture and thus to grazing intensity 
(Sitzia et al., 1997). In a pasture of annual 
ryegrass under rotational grazing, the num- 
ber of tillers per hectare was higher than 
under continuous grazing at the same stock- 
ing rate (6 ewes/ha), due to the higher 
instant stocking rate (Table 11.2). Grazing 
can also affect the number of pods, or the 
production of stolons or stems in clover or 
medics. 

The available biomass, expressed in 
tons of dry matter per hectare (t DM/ha), 
consists of all the dead and green matter 
present per unit of surface area. It can be 
estimated by measuring the height of the 
pasture, as there is a strong correlation 
between the parameters of pasture height 
and total mass. The height of the pasture 
may be undisturbed pasture height, which is 
measured by simple ruler (Filigheddu and 
Pulina, 1986) or, with more precision, by a 
sward-stick (Barthram, 1985). Another 
method, which takes into consideration the 
density as well as the height of the pasture, 


Table 11.2. Variation in the pasture density (no. of tillers/m 2 ) of annual ryegrass and of Italian ryegrass when differ- 
ent grazing methods and stocking rates are used (Sitzia etal., 1996; Porqueddu etal., 1997). 


Grazing method 

Species 

Stocking rate 

Pasture density 

Rotational 

Annual ryegrass 

Fixed 

2750 

Continuous 

Annual ryegrass 

Fixed 

2250 

Continuous 

Italian ryegrass 

Variable, high 

4850 

Continuous 

Italian ryegrass 

Variable, medium 

3250 

Continuous 

Italian ryegrass 

Variable, low 

2900 
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Table 11.3. Linear regression equations (y = a + bx) between the pasture height (cm) measured with the herbometer 
(EH = x) and with the sward-stick (SSH = y) (Carta, 1993; Sitzia, personal communication). 


Range 


Species 

Grazing method 

Season 

SSH 

EH 

a 

b 

fl 2 

Italian ryegrass 

Continuous 

S 

1.2-17.2 

0.3-14.5 

1.21 

1.05 

0.89 

Italian ryegrass 

Not grazed 

S 

3.6-41.4 

1.5-25.5 

0.54 

1.42 

0.91 

Annual ryegrass 

Rotational 

W-S 

9.3-30.6 

4.2-20.2 

3.59 

1.29 

0.97 

Meadow 3 

Rotational 

W 

0.9-49.9 

1.6-41.1 

1.33 

1.23 

0.95 


S: spring; W: winter. 
a Annual ryegrass or pure sulla. 


uses a herbometer consisting of a weighted 
disc or square plate mounted on a graduated 
pole (Holmes, 1984). These two measure- 
ments are closely correlated (Table 11.3). 

After measuring pasture height with a 
herbometer, the available biomass can be 
calculated using the relationships shown in 
Table 11.4. 


11.2 Behaviour of Grazing Sheep 

Grazing is a process which involves the 
following behaviour: (i) movement of the 
animal associated with the choice of 
the feeding site and, within it, the patch or 
feeding station and finally the biting point 
(Bailey et ai, 1996); and (ii) eating, which 
includes biting and rapid chewing of the 
herbage, and ends when the bolus is swal- 
lowed. 

When grazing, sheep tend to select a 
diet of a quality that is above the average of 
the herbage on offer. They select the green 
components, and in particular the leaves of 


the plants and, when grazing heterogeneous 
pastures, they tend to prefer the legumes 
(Hodgson, 1982; Penning et ai, 1995, 
1997; Molle et ai, 2000, 2003). By this 
behaviour, sheep enhance their intake rate 
(IR, intake of dry matter per time unit of 
grazing). This is the most efficient feeding 
strategy for small ruminants as a high IR 
results in a high passage rate of nutrients, 
which helps to overcome the limitation of 
ruminal volume on intake in small ruminants 
(Prache et al., 1998). 

The selection of the diet of a grazing 
sheep is determined by: (i) information gath- 
ered by the senses as well as subconscious 
knowledge of the post-ingestive effects of 
feeds; and (ii) learning from the mother 
while young, both pre- and post-weaning, 
and from other members of the flock 
(Prache et al., 1998). 

When grazing on a monoculture 
with a homogeneous pasture structure, diet 
selection is obviously limited, and feeding 
behaviour depends principally on the acces- 
sibility of the herbage (see Section 11.4). 


Table 11.4. Linear regression analyses (y = a + bx) between the pasture height (x, mm) measured using the 
herbometer and biomass availability (y, t DM/ha) (Sitzia etal., 1997, 1998, 2000). 


Species 

Grazing method 

Season 

Range (mm) 

a 

b 

R 2 

Annual ryegrass 

Rotational 

Winter-spring 

56-417 

0.116 

0.013 

0.84 

Italian ryegrass 

Rotational 

Winter-spring 

37-290 

0.016 

0.01 

0.75 

Italian ryegrass 

Continuous 

Winter-spring 

30-90 

0.32 

0.04 

0.61 

Italian ryegrass 

Continuous 

Late spring 

30-90 

0.22 

0.07 

0.85 

Sulla 

Rotational 

Winter-spring 

58-678 

0.793 

0.01 

0.75 

Burr medic 

Rotational 

Winter-spring 

12-330 

-0.026 

0.016 

0.57 
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When grazing on a heterogeneous pasture 
of a monoculture, by contrast, there will be 
more selection due to the presence of 
patches of vegetation at different stages of 
maturity. Most selection is evident on pas- 
tures consisting of several species at differ- 
ent stages of maturity. 

Recent studies have found ‘opportunist’ 
selective behaviour in sheep. Sheep have a 
certain selection threshold, above which they 
accept a diet of lower quality (Roguet et al., 
1998). For example, where legumes and 
grasses are found intimately mixed there is 
less selection than when they are offered 
separately in large patches in blocks or strips 
(Baumont et al., 2000). In addition, selec- 
tion is also affected by the presence of chem- 
ical compounds in the herbage, which may 
either increase, e.g. soluble carbohydrates 
(Ciavarella et al., 2000), or decrease 
herbage intake, e.g. anti-nutritional factors, 
such as tannins (Silanikove et al., 1997). 
Generally, the selection of feed tends 
towards optimization of conditions in the 
rumen (Cooper et al., 1996). 

The intake per metre of walking is an 
important index of selection activity. During 
the day there are phases of intense feeding 
per distance walked, and phases of selective 
feeding in which the ruminant consumes 
less feed for every metre walked (Meuret, 
1997). 


1 1 .3 Grazing Methods 
11.3.1 Objectives 

Managing the complex grazing ecosystem is 
principally aimed at optimizing animal pro- 
duction while maintaining the resource (pas- 
ture). With this aim in mind, intake of 
nutrients from the grazed herbage must be 
maximized, as pasture is generally the 
cheapest source of feed. It is of particular 
importance to increase the length of the 
intensive grazing phases, during which the 
greatest quantity of nutritive material is con- 
sumed, at the expense of the selective 
phases. This reduces the energy expended 
by the animal during grazing relative to the 
amount of nutrients ingested. 


A long-term grazing strategy designed 

to maximize animal productivity should also 

incorporate the following objectives: 

• The pasture must be capable of adequate 
recovery after grazing. 

• The pasture must be kept in a ‘leafy’ state 
for as long as possible, in order to delay the 
loss in nutritional value which takes place 
when it enters the reproductive phase. 

• The persistence of the pasture should be 
maximized by management to reduce the 
spread of weeds, and to facilitate the ger- 
mination of self-seeding annual species 
and the survival of perennial forage 
species. 

• The parasite burden of the animals 
should be reduced as much as possible. 

• The environmental impact on the whole 
grazing ecosystem must be minimized. 


11.3.2 Description of methods 

The principal grazing methods that can be 
used to achieve these objectives are shown 
in Fig. 11.1. 


Continuous stocking 

This method involves the uninterrupted use 
of a particular grazing area by the animals 
for a long period, normally the whole of the 
grazing season. Continuous grazing does 
not mean that there are no intervals in the 
use of each plant (tiller or grazing point), 
since, after defoliation, the plants usually 
become less accessible to the animal. The 
plants can be grazed after regrowth to a 
minimum height (ideally 20-30 mm), at 
which they are again accessible to the ani- 
mals. 

Continuous grazing can be set stocking, 
in which there are a constant number of ani- 
mals on the grazing area, or variable stock- 
ing. In the latter, the stock number is 
adjusted to pasture growth so that a targeted 
level of herbage allowance (g DM/ 
animal/day) is provided in order to match 
livestock requirements. Continuous variable 
stocking may also be achieved by varying 
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(a) Continuous stocking 
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(b) Rotational stocking 
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(e) Leaders-followers 



(f) Zero grazing 


Fig. 11.1. Grazing methods. Dotted lines indicate moveable fences. The creep grazing system shows a 
fence with selective gates that permit the lambs, but not their mothers, to pass through to the area reserved 
for grazing by the lambs (Hodgson, 1990). 
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the grazing area while the stock number 
remains the same; this is often the best 
option to meet animal requirements. In 
addition, if the stocking rate is adjusted to 
the growth of the pasture, the negative 
effects of animal selectivity are reduced, in 
particular the spread of ungrazed patches. 
Selective behaviour can put the persistence 
of the most palatable species at risk, and 
thus increase the proportion of unpalatable 
weeds. These effects are modulated by 
stocking rate, herbage availability and by the 
resilience of grazed species when defoliated. 


Rotational grazing 

In this method the pasture is grazed for cer- 
tain periods, interspersed with breaks which 
permit undisturbed growth of the pasture. 
The pasture is subdivided into paddocks 
which are used in succession, and the period 
of time for which each paddock is used is 
called the grazing period. This is followed by 
the rest period, and the sum of the two peri- 
ods is called the grazing cycle. 

In rotational grazing the stocking den- 
sity i.e. the number of animals actually being 
grazed at any point in time, and not just the 
stocking rate, is important. One type of 
rotational grazing is strip-grazing, in which 
the area is adjusted on the basis of the daily 
feed requirements of the animals. This is 
usually done daily, although it may be 
increased to a maximum of 2 or 3 days. 

Other types of rotational grazing, albeit 
little used in the Mediterranean environ- 
ment, are: 

• Creep grazing: one category of animals, 
usually suckling lambs, has access to a 
separate area of pasture, generally of 
higher quality. This allows the lambs to 
select a diet of higher quality without 
competition with their mothers. 

• Leaders-followers: in this case a flock is 
divided into two groups with different 
nutritional requirements (e.g. lactating 
and non-lactating sheep), and the grazing 
period is divided into two sub-periods. 
The pasture is grazed first by the group 
which has greater requirements (leaders), 


and then by the group with lower require- 
ments (followers). Thus, in certain condi- 
tions, the feeding requirements of the 
different animals can be satisfied in a 
more balanced way. For instance, milking 
sheep will consume a larger quantity 
of leaves, which are the most nutri- 
tional part of the pasture, while non-lac- 
tating sheep are forced to consume the 
stems, which have lower nutritional 
value. 


Rationed grazing and complementary grazing 

Both the techniques described above can be 
used either for the whole day or for a limited 
number of hours per day in what is termed 
rationed grazing. If access to the pasture is 
less than 12 h daily, intake is likely to be 
restricted (Hodgson, 1982). Rationed graz- 
ing is of particular importance in the man- 
agement of dairy sheep, whose access to 
pasture is limited both by the need to 
remove them during milking and by the fact 
that they are often housed at night, to pro- 
tect them from cold or from predators. 
Rationed grazing is often used at the begin- 
ning of the grazing season when there is not 
enough forage available to satisfy the nutri- 
tional needs of the animals, and the animals 
require high-value supplements, which are 
expensive and sometimes not easily avail- 
able. 

When sheep are allocated nutrition- 
ally high pasture for a few hours daily 
in order to complement a nutritionally low 
pasture grazed for the remaining daytime, 
the method is termed complementary graz- 
ing. 


Zero grazing and deferred grazing. 

Zero grazing is the term for the method in 
which herbage is cut and carted, usually with 
machinery, and trough-fed to the flock. It is 
used where only very small areas of grass- 
land are available or where the areas of 
grassland are too far from the sheep house 
for the flock to walk to each day in a rea- 
sonable time. 
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If one refrains from grazing a pasture 
for a limited period until the available bio- 
mass is sufficient, this is termed deferred 
grazing. Deferred grazing is also used when 
the trampling associated with grazing could 
damage the soil structure (Ligios et al., 
1997), which often happens in wet condi- 
tions during autumn and winter. 


11.3.3 Criteria for choosing grazing methods 

In normal conditions, the use of one of the 
grazing methods discussed above through- 
out the grazing season will probably not give 
optimum results. A number of comparisons 
between continuous stocking and rotational 
grazing of cattle in temperate climates 
have shown that using rotational grazing, 
rather than continuous stocking, has little 
advantage: a 6-7% increase in meat pro- 
duction and an even smaller increase in milk 
production. This is particularly true when 
stocking rate is adequate for efficient utiliza- 
tion of pasture production (Hodgson, 
1990). 

In lactating sheep, grazing improved 
pasture of annual ryegrass, subterranean 
clover and burr medic for the entire grazing 
season at a stocking rate of 6 ewes/ha; no 
significant improvement in production was 
observed when using rotational grazing as 


opposed to continuous stocking (Sitzia et 
al., 1996). The available biomass, however, 
tended to be greater when rotational grazing 
was used. 

Short-term studies (Avondo et al., 
1994) in spring and summer on sheep 
whose access to pastures of oats or clover 
was limited to 6 h a day, with a high stock- 
ing rate of 15 ewes/ha, indicated that mean 
daily intake and milk yield were higher with 
rotational grazing (1295 g DM and 615 ml, 
respectively) than with continuous stock- 
ing (1125 g DM and 460 ml). These 
differences, while small in absolute terms, 
were statistically significant and may be 
associated with the greater availability of 
biomass in rotational grazing (4.8 t DM/ha) 
than with continuous stocking (3.7 t 
DM/ha). 

While there is relatively little informa- 
tion on Mediterranean pastures grazed by 
sheep, general criteria for grazing manage- 
ment can be established (Table 11.5). These 
criteria provide only broad guidelines 
because, as previously stated, changing the 
stocking rate or the grazing pressure could 
result in a different method giving better 
production levels. 

Table 11.5 does not preclude the use of 
multiple methods on the same grazing area 
during the course of one grazing season. 
For example, Italian ryegrass could be 


Table 11.5. Guidelines for the choice of grazing methods. 




Conditions of use 



Type of pasture 

Forage habit of growth 

Forage production 

Stocking rate 3 

Grazing method 

Natural or semi-natural 
pastures, cereal stubble 

Prostrate or slightly 
upright 

Low-medium 
(1-5 t DM/ha) 

Low-medium 
(1-5 head/ha) 

Continuous stocking 

Forage crops of grass 
and legumes 

Upright 

Medium-high 
(5-10 t DM/ha) 

Medium-high 
(5-10 head/ha) 

Rotational grazing 

High-quality legume 
forage crops, forage 
crops containing anti- 
nutritional factors 

Various 

Various 

Various, generally 
high 

(10-15 head/ha) 

Rationed grazing 

Sorghum spp. b , Maize b 

Upright (unsuitable for 
grazing) 

Very high 
(> lOt DM/ha) 

Very high 
(equivalent to 
> 15 head/ha) 

Zero grazing 


a These are guidelines for annual stocking rates based on long-term experiments carried out by the Istituto 
Zootecnico e Caseario under semi-arid Mediterranean conditions; b only under irrigation. 
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grazed initially using the rationed grazing 
method during late autumn, when quantity 
is limited, but it is the best quality of feed 
available nutritionally for the ewes in late 
pregnancy and the suckling period. A rota- 
tional grazing system can then be used, with 
a move towards shorter grazing cycles and 
higher stocking densities during the transi- 
tion from winter to spring. This can be 
implemented, for example, by excluding 
some paddocks from grazing in spring and 
using them for hay or silage production. 
Finally, in summer, when only very mature 
herbage is available, continuous stocking 
would be the most appropriate choice. 

In self-reseeding species (e.g. subter- 
ranean clover and annual medics), during 
the first grazing season, the pasture must 
not be grazed during, or immediately after, 
the flowering period, especially if the pas- 
ture has been grazed rotationally at a high 
stocking density during the rest of the graz- 
ing season. This deferred grazing is aimed at 
favouring the establishment of a large seed 
bank in the soil. After the first reseeding, 
these species can be either rotationally 
grazed or continuously stocked at a low 
stocking rate during the flowering-seeding 
phase. 

More sophisticated grazing methods 
(e.g. leaders-followers), aimed at satisfying 
the part of the flock with higher feeding 
requirements, are applicable when the 
grazed herbage represents the main compo- 
nent of the diet. 

On particular farms the choice of graz- 
ing system will be affected by other factors, 
such as the cost of pasture fencing and 
drinking points, the time and cost involved 
in leading the flocks to the pasture, the 
mechanization of forage cutting, conserva- 
tion and feeding. 

It is not possible to generalize about the 
impact of grazing methods on pasture per- 
sistence and other ecological factors rele- 
vant to farm management, e.g. spread of 
unpalatable weeds, parasite burden etc. 
Generally, the grazing method itself seems 
to have less impact than the actual stocking 
rate. However, further studies are needed 
to evaluate the implications of grazing 
methods. 


1 1 .4 Effect of Grazing Methods on 
Feeding Behaviour of Grazing Sheep 

In grazing animals intake is regulated by 
physical, metabolic and behavioural mecha- 
nisms. The activities of selection and walking 
have specific energy costs. These energy 
costs are minimized when sheep are fed 
from troughs and the diet is easily accessible. 

Herbage intake depends on three main 
factors: 

• Intake capacity, which is related to the 
characteristics of the animals, such as 
size, physiological state and productive 
level. 

• Forage ingestibility, which depends on 
chemical characteristics which affect the 
rate of particle breakdown in the rumen, 
e.g. fibre content and presence of anti- 
nutritional factors. 

• Forage accessibility. 

The Australian Grazfeed pasture manage- 
ment system (CSIRO, 1993) defines this as 
the ease of harvesting of the herbage from 
the grazed pasture. 

The following equations explain this 
schematically: 

I = PI x A 

where: 1 is the intake of herbage (DM); PI is 
the potential DM intake, which depends 
upon both the animal’s intake capacity and 
the forage ingestibility; and A is the accessi- 
bility expressed as a decimal, varying from 0 
to 1 as the herbage varies from totally inac- 
cessible to fully accessible. 

The accessibility of the pasture modifies 
the mass of each bite, bite frequency and 
total daily grazing time. These parameters 
are correlated to intake according to the fol- 
lowing equation: 

I = BM x BF x GT 

where: I is the intake of herbage (DM); BM is 
the bite mass (g DM); BF is the bite fre- 
quency (number of bites per minute of graz- 
ing); and GT is the grazing time (min/24 h). 

The product of BM x BF is intake rate 
(IR) in g DM/min of grazing. 

The biomass per unit of area, which 
can be estimated by pasture height meas- 
urements, and pasture structural composi- 
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Pasture height (cm) 


Fig. 11.2. Responses by feeding behaviour variables to pasture height in mutton sheep continuously 
stocked on perennial ryegrass (Penning, 1986; Penning etai, 1991). 


tion (percentage of leaves, stems, flowers, 
seed heads and dead matter) are the most 
important factors which affect herbage 
accessibility and thus herbage intake. For 
example, it has been found that when the 
pasture height is reduced, BM is also 
decreased, and below a certain threshold this 
reduction is only partially compensated by 
an increase in BF and GT (Penning, 1986; 
Penning et ai, 1991) (Fig. 11.2). While 
there are general relationships between the 
characteristics of pasture and feeding behav- 
iour, this behaviour varies depending on the 
grazing methods, the forage species and 
other factors. Given the limitations of the 
available data on Mediterranean pastures, 
the purpose of the following sections is to 
define guidelines for a set of grazing condi- 
tions with particular reference to 
Mediterranean grass and legume-based pas- 
tures. The last section provides guidelines 
for grazing temperate-climate pastures. 


11.4.1 Grass - continuous stocking 

The height of the pasture is an effective 
indicator of herbage mass, in particular dur- 


ing the vegetative phase. In pastures of 
Italian ryegrass (Lolium multiflorum Lam.) 
continuously stocked during the period of 
vegetative growth there is a positive linear 
relationship between height (measured by a 
weighted scale grass-meter) and herbage 
mass. There is a difference between win- 
ter-early spring and late spring, which is 
associated with variations in the structure of 
the pasture (Fig. 11.3). 

Pasture height was also found to be a 
good predictor of herbage intake by sheep 
(Table 11.6). 

Pasture height also affected feeding 
behaviour: sheep grazing on pasture heights 
that were proved to limit the intake showed 
a higher GT than their counterparts (791, 
647 and 578 min/24 h, respectively), for 
groups that grazed on pasture with heights 
of 30, 60 and 90 mm in spring (Casu et a I., 
1995). 

Average accessibility was calculated at 
0.65-0.70 when the height greatly limited 
intake (20 mm in winter, 30 mm in spring), 
and was 0.75-0.87 for the highest pasture 
(80 mm in winter and 90 mm in spring 
(Bocquier et al . , 1993). This indicates that 
pasture height and hence herbage mass do 
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Table 11 . 6 . Regressions between the pasture height (x, mm) and intake (y, g DM), calculated as the group mean, in 
sheep grazing Italian ryegrass using continuous variable stocking. 

Period (range of height, mm) 

Regressions 


Winter (20-80) 

y = 14.452 x + 1268 

/? 2 = 0.92, P< 0.01 

Spring (30-90) 

y = 38.567 x - 0.244 x 2 + 333 

P 2 = 0.92, P< 0.05 


not completely explain limitations on acces- 
sibility. Recent studies have shown that not 
only the biomass and height of the pasture, 
but also the structure of the biomass during 
the passage from the vegetative to the 
reproductive phase, are of great importance 
in modifying feeding behaviour and thus 
intake by grazing ruminants. 

Indeed, ease of prehension on mature 
pasture depends not only on the height and 
density of the pasture but also on the ease 
of severance of herbage and on the pres- 
ence of barriers to defoliation (Prache and 
Peyraud, 1997), such as leaf sheath and 
dead herbage. In these conditions the sheep 


(a) Early spring 



make a choice, trying wherever possible to 
ingest the most nutritional parts, particularly 
green parts, which also have higher concen- 
trations of proteins and soluble carbohy- 
drates. This results in the highest 1R; only 
when the IR for this material falls below the 
average IR for the entire feeding site do the 
sheep move to graze the less nutritional 
parts of the pasture, which results in a low- 
ering of IR. 

Obviously, the more leafy the pasture 
the less the limitation on accessibility, and 
thus the higher the intake rate. This explains 
why there is no difference in intake between 
60 mm and 90 mm pastures (a significant 
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Fig. 11.3. Relationship between pasture height and herbage mass (DM), leaf area index (LAI) and herbage 
composition of Italian ryegrass continuously stocked by sheep (Sitzia et al., 1997). 
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Fig. 11.4. Optimal profile of the height of the pasture for Italian ryegrass grazed by dairy sheep using the 
continuous stocking method. 



effect in the quadratic equation, see Table 
11.6). Indeed, in the plot grazed at 90 mm 
pasture height, the fibrous part of the bio- 
mass increases and the nutritional propor- 
tion of the diet becomes less accessible (Fig. 
11.3). 

On the basis of the above results, con- 
tinuously stocked Italian ryegrass should be 
grazed in winter at a height of 60 mm (2 t 
DM/ha), which permits the pasture to cap- 
ture as much light energy as possible. In 
spring it should be used at progressively 
lower heights in order to maintain the qual- 
ity of the pasture (Fig. 11.4). It should not, 
however, be used at heights of less than 30 
mm (1.5-2 t DM/ha). 

When the pasture is mature, after ear 
emergence, the available biomass is not a 
significant indicator of herbage accessibility. 
In these conditions, even with continuous 
stocking, the available green biomass per 
unit of area plays a predominant role in 
determining grazing behaviour and intake at 
pasture. When the pasture is heteroge- 
neous, and Dactylis glomerata L. is present 
in both its vegetative and reproductive form, 
the availability of green leaves in quantities 
of < 0.5 1 DM/ha greatly reduces the IR and 
the sheep begin to consume reproductive 
stems, which they had initially rejected 
(Prache et ai, 1998). 


11.4.2 Grass - rotational and rationed 
grazing 

In rotational grazing there are two modifica- 
tions in the relationship between available 
biomass and feeding behaviour: (i) the rapid 
variation of the herbage on offer during the 
grazing period causes an extremely dynamic 
interaction between the sheep and the pas- 
ture; and (ii) the structural composition of 
the pasture is notably different when rota- 
tional grazing is used, and defoliation is at 
much greater intervals than under continu- 
ous stocking. This causes important varia- 
tions in the behaviour of the animals, whose 
intake rate falls considerably during the graz- 
ing period, but, in contrast with continuous 
stocking, their grazing time does not 
markedly increase, and in some cases, does 
not increase at all (Penning et ai, 1994; 
Molle et al., 2004). Thus, given a certain 
pasture height (herbage mass), less herbage 
is usually ingested in rotational grazing than 
in continuous stocking (Fig. 11.5). 

While the pasture height is used in 
equations for the above-mentioned parame- 
ters, it has recently been established that the 
green biomass per unit of surface area, or 
the allowance of green material per head 
per day, is a better variable for determining 
the grazing behaviour of the animals, 
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Fig. 1 1.5. Grazing time (GT) and intake rate (IR) in mutton sheep, continuously stocked (C) on perennial rye- 
grass pasture at either 30 or 60 mm high, or rotationally grazed. The figures which follow the letters indicate 
the pasture height in mm, measured by pasture stick (Penning etal., 1994). 


because it takes into account the effect of 
barriers of stems and dead parts of the 
plants (Delagarde et al, 2001). 

In rationed grazing where the time of 
grazing is restricted each day, IR is affected. 
In these conditions it may be of interest to 
calculate the hourly consumption (g DM/h), 
which is related not only to the available bio- 
mass and its composition but also to the 
total time that the animals are allowed to 
graze the pasture. For example, lactating 
sheep receiving a complete diet indoors fol- 
lowed by periods of grazing (Table 11.7) 
had mean intakes of Italian ryegrass ranging 
from 250 to 200 g DM/h at the beginning 
of the grazing period to 180-120 g DM/h 


at the end of the grazing period, when the 
pasture height was 30-40 mm. Thus the 
highest hourly consumption levels occurred 
when the time the sheep had been on the 
pasture was lowest (Fois et al., 1995). A 
series of studies, under similar grazing con- 
ditions, found that average consumption 
varied from a minimum of 147 g DM/h in 
winter to a maximum of 275 g DM/h in 
spring (Fois et al., 1997; Sitzia et al., 
1998). Similar results have been found with 
Latxa lactating dairy sheep in Spain: com- 
parison between two groups spending 4 and 
7 h daily on a grass-based pasture demon- 
strated that the proportion of the time 
devoted to grazing was 53% (7 h) and 77% 


Table 11.7. Effect of total hours on pasture on feeding behaviour and intake in Sarda sheep grazed on Italian rye- 
grass, as a complement to a complete diet (0.85 UFL and 160g CP per kg DM). 


Lactation 

month 

Hours on 
pasture (h/day) 

Pasture height 
(mm) 

Grazing time 
(% total time) 

Intake rate 
(g DM/min grazed) 

Hourly intake 
(g DM/ h) 

2-3 

2 

80 

84 

5.2 

253 

2-3 

2 

45 

74 

3.1 

143 

4-5 

3 

130 

63 

5.2 

197 

4-5 

3 

30 

87 

3.5 

177 

6 

4 

40 

66 

3.0 

119 
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(4 h), and the hourly intake ranged on aver- 
age between 166 (7 h) and 244 g DM/h (4 
h) (Perojo et al, 2003). 


11.4.3 Legume-based pastures 

Ingestion of legumes usually results in a 
higher rate of passage and digestion than 
grasses. The behaviour of sheep grazing 
legumes differs from those on grass, with 
both bite mass and intake rate being greater, 
and rumination time lower. In general this 
results in greater daily intake and higher per- 
formance (Table 11.8). 

Studies on white clover in northern 
Europe using continuous stocking have 
shown that the herbage mass influences 
sheep behaviour in a similar way to peren- 
nial ryegrass. Sheep grazing monocultures of 
white clover and perennial ryegrass ranging 
in height from 30 to 60 mm have greater 
daily intakes on clover than on ryegrass (+ 
556 g DM/head) (Penning et al, 1995). 
This is because clover is more accessible 
than ryegrass, with leaves more easily 
ingested as they are in the surface horizon of 
the pasture. The greater rate of passage of 
clover results from differences in chemical 
composition, with clover generally having a 
lower fibre content than grasses. The fibre 
has a lower hemicellulose content and is bro- 
ken down more quickly into small particles, 
which exit more quickly from the rumen. 

Although, in general, information on 
grazing of white clover may be extrapolated 


to other legumes, intake may be affected by 
differences in morphology which affect the 
accessibility of different leguminous species, 
and in some cases by the presence of anti- 
nutritional factors that may limit consump- 
tion. In particular, the presence of condensed 
tannins may affect the feeding behaviour of 
the ruminants, reducing intake rate and total 
hourly consumption even when feed is fully 
accessible (Silanikove et al., 1994; Decandia 
et al., 2000; Landau et al., 2000). 

However, moderate levels of tannins 
(3-4% DM), in legumes such as sulla, 
despite their tendency to reduce intake rate, 
allow the nitrogen in the pasture to be used 
more efficiently, and thus increase the 
absorption of amino acids from the gut 
(Barry and McNabb, 1999). 

11.4.4 Grazing on mixed pastures of grasses 
and legumes 

Feeding behaviour on mixed pasture basi- 
cally depends on the available biomass and 
its quality, in the same way as in monocul- 
tures. Indeed, in sheep grazing for about 5 h 
per day on natural pastures, intakes corre- 
late well with the available biomass and the 
CP content of the pasture, which are good 
indicators of pasture quality (Avondo et al., 
1996) (see Chapter 5). 

In mixed pastures, both the number of 
species and their spatial distribution play an 
important role in determining feeding 
behaviour. 


Table 11.8. Feeding behaviour of lactating sheep suckling twins grazing on monocultures of either perennial rye- 
grass or white clover continuously stocked to maintain a pasture height of 60 mm (Gibb and Orr, 1997). 



Perennial ryegrass 

White clover 

Bite mass (fresh matter) (mg) 

303 

547 

Bite mass (mg DM) 

83 

93 

Mastications per bite (n) 

1.7 

1.3 

Intake rate (g DM/min grazing) 

4.5 

5.9 

Grazing time (n hours/24 hours) 

9.7 

8.8 

Rumination time (n hours/24 hours) 

6.0 

4.9 

Total intake (kg DM/day) 

2.7 

3.3 

Lamb growth (g/head/day) 

310 

370 
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Comparisons of mixed with pure 
legume diets do not always show the superi- 
ority of the latter in terms of consumption 
and performance (Molle et al., 1998, 2000, 
2003). This is due to the sheep’s partial 
preference for legumes as compared to 
grasses (Newman et al., 1992). A mixed 
diet compared with a pure legume diet may 
result in lower fermentation in the rumen 
and thus lower concentrations of metabo- 
lites (e.g. volatile fatty acids) in the blood- 
stream; these control the satiety centres, 
thus reducing the sheep’s appetite. 


11.4.5 Grazing pastures in temperate areas 

In temperate regions, where pastures are 
based on perennial grasses, particularly 
perennial ryegrass (Lolium perenne), 
herbage growth is strongly seasonal due to 
variations in temperature and light through- 
out the year. Studies in the 1980s showed 
that the single criterion of pasture height, in 
general, provided a link between pasture 
growth and long-term productivity on one 
hand, and sheep behaviour and perform- 
ance on the other (Treacher, 1990). 
Although these studies related to ewes suck- 
ling lambs and producing high milk yields in 
relatively short lactations, they should form 
a satisfactory basis for the grazing manage- 
ment of dairy ewes, whose lactations are 
generally longer, but with lower peak yields, 
than those of suckling ewes. 

Detailed studies of the balances 
between photosynthesis, gross tissue pro- 
duction and the amounts of herbage, either 
consumed by the grazing sheep or dying, in 
pastures maintained at different heights, 
indicated that the greatest harvest of 
herbage per unit area by sheep occurred on 
pastures maintained at surface heights of 
40-60 mm (Parsons and Chapman, 2000). 
Also, tiller densities of pastures maintained 
at 40-60 mm in spring and early summer 
are high, and the elongation of reproductive 
tillers, with its associated deterioration of 
digestibility, is almost completely eliminated. 
These short pastures maintain a fairly con- 
stant leaf area index throughout the season, 
which results in similar growth rates in 


autumn to those of taller pastures in which 
the leaf area, although higher in spring, 
declines through the summer and autumn as 
the pasture structure deteriorates. 

Guidelines for management of sheep 
pastures in the temperate northern hemi- 
sphere have been designed and tested 
(Treacher, 1990). These entail the use of 
continuous variable stocking, together with 
supplementation with concentrate feeds and 
conservation cutting at various stages, in 
order to maintain the annual profile of pas- 
ture height. The optimum profile consists of 
reaching a height of 40 mm as soon as pos- 
sible in spring, preventing the height from 
exceeding 60 mm during the peak of pas- 
ture growth in May and June, and then 
maintaining a height of 60 mm into late 
summer. Milk production of suckling ewes is 
close to their full potential on pastures in 
this range of heights. 

In autumn, pasture height may be 
allowed to increase a little, to approximately 
80 mm, thus increasing green leaf mass to 
maintain pasture intake by the ewes. The 
pasture should then be grazed down to 30 
mm in order to minimize cold damage in 
winter. If the pasture is very short in spring, 
supplementation with concentrate feed will 
be needed to prevent reductions in milk pro- 
duction. The period when supplementation 
is necessary is, however, generally short and 
no response is likely once herbage growth is 
sufficient to maintain a pasture height of 40 
mm. In mid-lactation it is vital to maintain a 
height < 60 mm, to achieve high utilization 
of herbage and prevent deterioration of the 
pasture structure and reductions in nutritive 
value. Generally it is not possible to increase 
stocking rates and, therefore, areas of land 
are left ungrazed to increase stocking den- 
sity on the grazed areas. Herbage on these 
ungrazed areas is then conserved as hay or, 
preferably, silage, as this releases the land 
for regrazing sooner. 

1 1 .5 Determination of Sustainable 
Stocking Rate 

The stocking rate (SR) is the variable which 
has the greatest impact on the ecology of 
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Fig. 11.6. Pattern of total and net herbage production in relation to the stocking rate (Hodgson, 1990). 


grazing systems. It is the ratio between the 
total number of grazing animals and the 
total surface area grazed, expressed as num- 
ber per ha (n/ha). The impact of a particu- 
lar SR on an ecosytem may be affected by 
the size or shape of the area being grazed 
(Vallentine, 1990). It is also important to 
define the length of time that the SR is used 
during the year. Grazing pressure (number 
of animals per unit weight of herbage on 
offer) may be a more appropriate expres- 
sion of grazing intensity. It is, however, dif- 
ficult to estimate on individual farms. 

As the stocking rate is increased the 
total growth rate of the pasture declines, but 
this is partially compensated for by the 
lower rate of loss of biomass due to senes- 
cence, at least until a certain threshold is 
reached. Above this level, overgrazing 
results in a lower net biomass growth (Fig. 
11.6). In addition the stocking rate, and thus 
the intensity of grazing, affects the regrowth 



Fig. 11.7. Influence of stocking rate on digestibility 
of the herbage selected by grazing sheep (Hodgson, 
1990). 


pattern. Very intensive grazing, with the 
removal of most of the leaf mass, giving low 
values of residual leaf area index (LAI), pro- 
longs the time necessary for the pasture to 
grow again and thus increases the interval 
between grazings. 

Increasing the stocking rate generally 
results in the pasture being leafier (Fig. 
11.3, Section 11.4) but with very high 
stocking rates the digestibility of the herbage 
consumed may be reduced because the 
sheep cannot select a higher-quality diet and 
must consume parts of the plants which 
they normally reject (Fig. 11.7). Thus, when 
the available biomass and the pasture height 
fall below a certain level, the herbage dry 
matter intake is limited, and with very high 
stocking rates the intake of digestible matter 
is further reduced. 

The combined effects of the factors dis- 
cussed above result in the relationship 
between stocking rate and production per 
animal, and per unit of surface area (Fig. 
11.8). Normally when the stocking rate rises 
above the threshold of minimum stocking 
(point D), individual performance is reduced 
but there is a corresponding increase in pro- 
duction per hectare. However, above a cer- 
tain stocking rate (point E), both the 
individual production and the production 
per hectare fall due to the effects of over- 
stocking. 

Stocking rate not only affects the quan- 
tity of animal output but may also affect the 
quality of milk and meat produced. For 
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Fig. 11.8. The relationship between stocking rates and milk production (Van Soest, 1983). 


example, when dairy sheep are continuously 
stocked at high stocking rates there is a sig- 
nificant reduction in the protein content of 
the milk (Molle ef al, 1997). 

To establish the pasture carrying capac- 
ity for a given farm or region, a point of 
equilibrium must be found between the 
stocking rate which gives the highest pro- 
duction per individual animal (D) and that 
which gives the highest production per 
hectare (E), while also taking into account 
the quality of the product. 

Within this range, one criterion for 
determining the correct stocking rate is the 


amount of conserved forage needed to meet 
flock requirements during the period of 
insufficient herbage growth. This forage can 
be harvested during the period of maximum 
production of the pasture and fed to the ani- 
mals during periods when pasture produc- 
tion is low. The exclusive use of grazing for 
feeding sheep is normally limited to certain 
periods of the year when the biomass avail- 
ability of pasture is high, and thus able to 
satisfy the nutritive requirements of the ani- 
mals. 

Figure 11.9 shows a model for estab- 
lishing the stocking rate in relation to pas- 
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Fig. 11.9. Relationship between pasture production, stocking rates and supplementary forage production. 
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ture production and the need for supple- 
mentary forage. Two examples are shown, 
an extremely low (case L) and an extremely 
high (case H) stocking rate, which corre- 
spond, respectively, to the winter and spring 
peaks of herbage production. In case L, sup- 
plementary forage production would be 
excessive with the risk of underutilization of 
grazed pasture in spring; in case H no sup- 
plementary forage would be produced. The 
intermediate case (S) is an example of a sus- 
tainable stocking rate that allows the pro- 
duction of sufficient supplementary forage 
to meet the winter feed requirements of the 
flock. 

These general guidelines are mainly 
focused on the feed budget and are not by 
themselves enough to make an accurate 
evaluation of the stocking rate that is sus- 
tainable in the long-term on a specific farm. 
Indicators of the environmental impact of 
grazing, in particular the persistence of the 
pasture, must be taken into account in 
selecting a stocking rate that will be sustain- 
able in the longer term. Animal welfare and 
the consistency of animal performance from 
year to year, all evaluated over a period of 
years, must also be taken into consideration. 

Because a farm is principally a business, 
an economic evaluation is indispensable 
when finalizing the analysis and implement- 
ing it. Recent papers (Ligios et al., 1998; 
Pulina and Zucca, 1999; Pulina et al., 
1999) have discussed the economic and 
environmental criteria for establishing sus- 
tainable stocking rates. 

In the following section we examine 
three possible scenarios, with particular ref- 
erence to the feed budget. 


Continuous stocking without supplementation 

In this case, the stocking density and the 
average seasonal stocking rate can be based 
on the growth curves of the constituents of 
the pasture. More precisely the average sea- 
sonal stocking rate (SR) can be calculated 
from the following equation: 

SR = ^ x CU 


where: SR is the stocking rate (number of 
sheep/ha); GR is the growth rate of the pas- 
ture per unit area (kg DM/ha/day). For 
example, in Australia under Mediterranean 
climate conditions, pasture growth rates 
range from 5-20 kg DM/ha/day in winter 
to 40-120 kg DM/ha/day in spring, 
depending on the forage species and on the 
weather pattern (CSIRO, 1993); PI is the 
potential herbage intake (kg DM/day); and 
CU is the coefficient of utilization of the pas- 
ture. The latter is conventionally set at 
around 0.65 (CSIRO, 1993), which appears 
reasonable, taking in to account losses due 
to trampling and dung deposition. 

Rotational grazing without supplementation 
In this case, a correct assessment of stock- 
ing rate for the period involves an estima- 
tion of the biomass on offer at the beginning 
of each grazing period and of the growth 
rate of the pasture. The equation for this 
estimation is as follows: 


SR 


( HM 


1 D 


+ GR 


PI 


x CU 


where: SR is the stocking rate (no. of 
sheep/ha); HM is the herbage mass on offer 
at the beginning of each grazing period (kg 
DM/ha); D is the duration of each grazing 
period (days); GR is the growth rate per unit 
area (kg DM/ha/day); PI is the potential 
herbage intake (kg DM/day); and CU is the 
coefficient of pasture utilization. 

Available biomass in a paddock at 
the start of grazing can be estimated 
from measurements of the pasture height 
(Tables 11.3 and 11.4). Table 11.9 
shows the ranges of the herbage mass in 
relation to pasture height, measured 
with a weighted square grassmeter, for 
some species of autumn-winter forage 
crops rotationally grazed by dairy sheep 
in Mediterranean environments (Sitzia et 
al., 1998, 2000). However, there is 
a shortage of data on the growth rates 
and coefficients of utilization of pasture 
rotationally grazed in Mediterranean 
environments. 
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Table 11 . 9 . Pasture height (cm) and corresponding quantities of available biomass (t DM/ha). 


Pasture height (cm) 

Annual ryegrass 3 

Italian ryegrass b 

Burr medic 0 

Sulla d 

5-10 

0.8-1 .4 

0.5-1. 0 

0.8-1 .6 

1.3-1 .8 

11-20 

1. 6-2.8 

1. 1-2.0 

1. 8-3.2 

1. 9-2.7 

21-30 

2. 9-4.1 

2. 1-3.0 

3.4— 4.8 

2.8-37 


3 Lolium rigidum ; b Lolium multiflorum ', 0 Medicago polymorpha ; d Hedysarum coronarium. 


Grazing with supplements 

When using supplements, the potential 
herbage intake (PI) in the equations above 
must be corrected for the effect of substitu- 
tion, which is the reduction in the voluntary 
intake of herbage (g) resulting from the 
intake of lOOg of the supplementary feed 
expressed as a proportion. For concen- 
trates, the reduction (Q) is given by the 
equation: 

Q = Cl x S 

where: Cl is the intake of concentrates 
(kg DM/head/day); and S is the substitution 
rate of the concentrates. 

When the pasture is in a vegetative 


phase, before the start of the reproductive 
phase, S is 0.4-0. 6 where intake is limi- 
ted by herbage accessibility, and 0.80- 
1.20 where pasture conditions do not 
limit intake (D’Urso et al., 1993; Avondo 
et al., 1995; Molle et al., 1997). In 
general, substitution rates are greater when 
herbage quality is high. For example, the sub- 
stitution rate is zero, or even negative, when 
supplements with a high protein content are 
used on pastures of very mature herbage, 
provided herbage mass is not restricted. 

Where conserved forage (hay or silage) 
is offered as a supplement, it is assumed that 
the substitution rate is 1 , and that the reduc- 
tion in intake of grazed herbage is equal to 
the intake of hay or silage. 
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and fattening, 158, 159-162 
replacement lambs, 158 
reproduction and feeding techniques, 
116-118 

reproductive efficiency, 160 
and milk urea, 95 
rickets, 55, 62, 184, 188 
rumen 

changes during weaning, 157 
distension and satiety, 65, 67 
froth stabilizer, 172 

rumen fermentation, 79-80, 144, 166, 
168-169, 183-184, 204 
and microbial content of nutrition, 141 
and non-dietary fibre, 130-131 
rumen microbial activity 

and feed absorption, 53-54 
rumen-protected amino acids, 131, 132, 
134 

ruminal acidosis, 167 

and carbohydrate-rich concentrates, 
104 

and complete pelleted diet, 92 


concentrated food, 166 
and easily fermentable carbohydrates, 
169-172 

and lack of fibre, 101 
in lambs, 183-184 
and neutral detergent fibre, 130 
and non-fibre carbohydrates, 87 
ruminant milk composition, 1-2 
rumination 

buffer salts, 132 

and fibre particle size, 89-91 

and fine feed particles, 103 

satiety 

and protein supplementation, 72 
and rumen distension, 65, 67 
scotta fat and protein content, 129-130 
selenium, 5, 52, 55, 139 

deficiency and excess, 59-60 
and nutritional muscular dystrophy, 185, 
186, 187 

symptoms of excess or deficiency, 56 
semen 

collection, 122, 123, 124 
quantity, 119-120 

sheep, dairy, compared to dairy cows, 

79-82 

silage, 67-68, 103, 140, 141, 145 
and cheese processing, 143 
storage and diarrhoea, 173 
silicon, 52 

simple indigestion, 167, 168-169 
sodium, 52, 53, 54, 138-139 
bicarbonate, 104, 132 
excess, 57 

and metabolic disease, 179-180 
in milk, 5 

symptoms of excess or deficiency, 56 
sodium salts, 53 
soil 

and cobalt deficiency, 60 
mineral content, 53 
somatic cell count, 95 

and cheese processing, 143 
and dietary changes, 144 
in milk, 141 
somatotropin, 110 
bovine, 87-88 
soybean hulls, 103, 104 
soybean meal, 87, 94, 112, 117, 124, 
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fat content, 131 

spectral analysis of lactation, 20-21 
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spermatogenesis, 119-120, 121 
stella software, 24 

stiff lamb disease, see enzootic muscular 
dystrophy 

stocking - continuous, 194, 195, 196, 197, 
198 

and grass pasture, 199-201, 201 
and legume-based pasture, 203 
variable, 204 

without supplementation, 207 
see also grazing methods 
stocking rate 

and pasture density, 1 92 
for sustainability, 204-207 
stress 

and energy requirements, 37-38, 46, 
47 

and food intake, 66 
and milk ejection, 8 
related to mineral needs, 53 
suckling, 152-157 
sulphates, 187 
sulphur, 52, 54, 85, 138 

symptoms of excess or deficiency, 56 
sunflower, 140 

fat content, 131 

tachycardia, 172 
tannins, 203 

teeth and fluorine excess, 61 
temperature and lactation, 17 
Test Day milk yield model, 15, 16-20 
summary, 26 

and Time Series analysis, 20-23 
testicular development and size, 

120-122 

tetany, lactation, 55 
thiamine deficiency, 184 
Time Series lactation models, 20-23 
summary, 26-27 
tin, 52 

total mixed rations, 102-103 
of stall-fed rams, 123, 124 
toxaemia of pregnancy, 165 

and hypocalcaemia diagnosis, 178 
and multiple births, 174-176 
and overfeeding, 115 
symptoms and treatment, 181 
toxic rumenitis, 170 
toxicity and food intake, 66 
transportation and disease, 178, 179 

underfed sheep mobilizing body fat, 132 


uraemia, 168 

urea excretion and energy requirements, 47, 
48 

urea in blood, 177 
and fertility, 113 
urea in milk, 5, 92-96 
and fertility, 113 

as indication of protein intake, 117 
and protein intake measurement, 101 
urolithiasis, 55-57, 184-185, 188 

vanadium, 52 
viral disease, 159 
vitamin A, 61, 144, 155 

symptoms of deficiency or excess, 63 
vitamin B deficiency or excess, 63 
vitamin B( 1 and 2 ), 155-156 
vitamin B 12 , 62 
vitamin C, 62 

symptoms of deficiency or excess, 63 
vitamin D, 62, 155, 178, 184 
relationship with calcium and 
phosphorus, 55 

symptoms of deficiency or excess, 63 
vitamin E, 62, 139, 155 

and milk coagulation, 144 
and nutritional muscular dystrophy, 185, 
186, 187 

symptoms of deficiency or excess, 63 
vitamin K, 62 

symptoms of deficiency or excess, 63 
vitamins, 61-62 

in colostrum, 165 

symptoms of deficiency or excess, 63 
synthesis in mammary gland, 5 

water consumption, 62-64 
weaning lambs, 157-158 
weather conditions 
and disease, 179 
and food intake, 66 
and lactation, 17, 18-19 
weight loss 

and ruminal acidosis, 171 
whey fat and protein content, 129-130 
white muscle disease, see enzootic muscular 
dystrophy 

winter feeding, 90-92 
and weight loss, 98 
Wood function analysis, 15, 16, 24 
wool 

achromotrichia, 187 
depth and cold stress, 38, 39 
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and copper deficiency, 57 
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yeast supplementation, 117 

zinc, 5, 52 , 55 , 139, 187 
deficiency, 58 

symptoms of excess or deficiency, 56 


